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PREFACE
This  t h e s i s  r e c o r d s  t h e  r e s u l t s  o f  a  s e r i e s  o f  i n v e s t i g a t ­
io n s  c o n c e r n i n g  c e r t a i n  b a c t e r i a  b e l o n g i n g  t o  t h e  no rm al  o r  t h e  
p a t h o l o g i c a l  f l o r a  o f  t h e  i n t e s t i n e ;  t h e s e  s t u d i e s  ;.vere c o n t i n ­
ued ove r  s e v e r a l  y e a r s  i n c l u d i n g  t h e  p e r i o d  I 9 I 5 - I 9 I 8  d u r i n g  
th e  G re a t  War when I was engaged i n  b a c t e r i o l o g i c a l  r e s e a r c h  and 
r o u t i n e  i n . t h e  M e d i t e r r a n e a n  and E g y p t i a n  E x p e d i t i o n a r y  F o r c e s .
The s t u d i e s  a r e  c o l l e c t e d  h e r e  i n t o  f i v e  m ain  p a r t s .
The f i r s t  p a r t  d e a l s  w i t h  c e r t a i n  n o rm a l  i n h a b i t a n t s  o f  
t h e  i n t e s t i n e  — t h e  B. c o l i  g roup  — and an  a c c o u n t  i s  g i v e n  
o f  a s e r i e s  o f  b i o l o g i c a l  i n v e s t i g a t i o n s  o f  B. c o l i  and i t s  
co ngeners  , w i t h  s p e c i a l  r e f e r e n c e  t o  t h e i r  s e r o l o g i c a l  c h a r a c t ­
e r s ,  m u t a t i o n s  , and b i o l o g i c a l  c l a s s i f i c a t i o n .
The o t h e r  p a r t s  r e f e r  t o  s p e c i f i c  i n t e s t i n a l  p a t h o g e n s .
P a r t  2 r e c o r d s  c e r t a i n  o b s e r v a t i o n s  on t h e  g ro u p  o f  d y s e n t ­
e ry  b a c i l l i  and t h e  b a c t e r i o l o g y  o f  b a c i l l a r y  d y s e n t e r y  b o t h  
from t h e  b i o l o g i c a l  and p a t h o l o g i c a l  a s p e c t s  ; and  i n  p a r t  3 
an a c c o u n t  i s  g i v e n  o f  a group  o f  i n t e s t i n a l  v i b r i o s  a s s o c i a t e d  
w i th  c h o l e r a i c  and d l a r r h o e a l  c o n d i t i o n s  — t h e  so  c a l l e d  
p a r a c h o l e r a  v i b r i o s .  The s t u d i e s  c o n c e r n i n g  t h e  p a r a t y p h o i d  
b a c i l l i  ( p a r t s  4 and 5 ) were m a in ly  w i t h  r e f e r e n c e  t o  t h e  
b a c t e r i o l o g i c a l  d i a g n o s i s  o f  e n t e r i c a  i n f e c t i o n s  , b u t  a l s o
2.
i n c l u d e  o b s e r v a t i o n s  o f  p a r t i c u l a r  b a c t e r i o l o g i c a l  and s e r o l o g ­
i c a l  i n t e r e s t .
S p e c i a l  a t t e n t i o n  has  a l s o  b e e n  d e v o te d  t o  t h e  t e c h n i q u e  
a p p r o p r i a t e  f o r  t h e  s t u d y  o f  t h e s e  i n t e s t i n a l  o rg an ism s  and t h e  
im p o r tan c e  o f  c e r t a i n  methods i s  e m ph as ized  i n  t h e  t h e s i s .
I n  p a r t  I  f u l l  r e c o r d s  and p r o t o c o l s  o f  e x p e r im e n t s  a r e  
i n c l u d e d ;  i n  p a r t s  2 and 3 i t  has  b e e n  i m p o s s i b l e  t o  q u o te  
c e r t a i n  r e c o r d s  i n  f u l l  d e t a i l  as a l l  my d e t a i l e d  l a b o r a t o r y  
n o te s  on e n t e r i c a ,  d y s e n t e r y  and v i b r i o  i n f e c t i o n s  were  l o s t  a t  
s e a  i n  I 9 I 8  due t o  t h e  s i n k i n g  by su b m a r in e  o f  t h e  t r a n s p o r t  
on which I  was t r a v e l l i n g  f rom E g y p t .  I t  has  b e e n  p o s s i b l e ,  
however, t o  i n c l u d e  t h e  most  i m p o r t a n t  d a t a  and n u m e r i c a l  r e ­
cords  f rom p a p e r s  p u b l i s h e d  by me w h i l e  i n  E gypt  and f rom  
o f f i c i a l  r e p o r t s  and summaries  o f  r e s u l t s  a t  p r e s e n t  i n  my 
p o s s e s s i o n .
A number o f  t h e  o b s e r v a t i o n s  i n c l u d e d  i n  t h e  t h e s i s  have  
a l r e a d y  b e e n  r e c o r d e d  i n  p u b l i s h e d  p a p e r s ;  c e r t a i n  o f  t h e s e  
were d e a l t  w i th  i n  p e r s o n a l  c o m m u n ic a t io n s , o t h e r s  i n  j o i n t  
p u b l i c a t i o n s . I was p e r s o n a l l y  r e s p o n s i b l e  f o r  t h o s e  o b s e r v a t ­
ions  i n c o r p o r a t e d  i n  t h e  t h e s i s  w h ich  have a p p e a r e d  i n  p a p e r s  
p u b l i s h e d  i n  c o l l a b o r a t i o n  w i t h  o t h e r  w o rke rs  on t h e  same s u b ­
j e c t .
3 .
The f o l l o w i n g  a r e  t h e  p u b l i c a t i o n s  r e f e r r e d  t o :
The immunity r e a c t i o n s  o f  t h e  c o l i  g r o u p -------  by M ackie ;  J o u r n .
of P a t h ,  and B a c t . , v o l . 1 8 , 1 9 1 3 ,p . 1 3 7 ; a l s o  i n  A p p l i e d  B a c t e r i o l o g y  
B ro w n in g , I9 1 8 , p . 202.
V a r i a t i o n  i n  a g g l u t i n a b i l i t y  o f  b a c t e r i a  a s s o c i a t e d  w i t h  v a r ­
i a t i o n  o f  c u l t u r a l  c h a r a c t e r s — -b y  M a c k ie ; B r i t . J o u r n .  o f  E x p e r .  
P a t h . , v o l . I , n o . 4 , 1 9 2 0 , p .2 1 3 .
The g r a m - n e g a t i v e  b a c i l l i  found  i n  p y o g e n ic  i n f e c t i o n  o f  t h e
u r i n a r y  s y s t e m   by M a c k i e ; T r a n s . o f  M e d i c o - c h i r u r g . S o c . G l a s g . ,
v o l . 1 2 , 1 9 1 3 , p . 119.
The a t y p i c a l  d y s e n t e r y  b a c i l l i  by M a c k ie ; J o u r n .  o f  H y g ie n e ,
v o l . 1 8 ,n o . 1 ,1 9 1 9 .'
C l i n i c a l  and l a b o r a t o r y  r e s e a r c h e s  on d y s e n t e r y  i n  Egypt  w i t h
some rem arks  on s a n i t a t i o n   by Thomson and M a c k ie ; J o u r n .  o f
R .A .M .C . , v o l . 2 8 , 1 9 1 7 , p . 403 .
i ^ o t e  on t h e  modes o f  i n f e c t i o n  i n  b a c i l l a r y  d y s e n t e r y  by
Cowan and M a c k i e ; J o u r n .  o f  R . A . M . G . , v o l . 3 2 , n o . 3 , I 9 I 9 , p . 2 0 9 .
R epor t  on t h e  i n c i d e n c e  and n a t u r e  o f  t h e  d y s e n t e r y  i n  t h e
E g y p t i a n  War Zone i n  I 9 I 6  w i t h  b a c t e r i o l o g i c a l  r e p o r t s -------
M edica l  A d v i s o r y  C o m m i t t e e ,G .H .Q . ,M .E .E . ,1 9 1 7 .
Two v i b r i o  s p e c i e s  o f  t h e  p a r a c h o l e r a  g roup  a s s o c i a t e d  w i t h  a
c h o l e r a -  l i k e  o u t b r e a k   by Mackie  and a t o r e r ; J o u r n .  o f  HAMC.,
A u g u s t , I 9 I 8 .
The b r i l l i a n t - g r e e n  e n r i c h m e n t  p r o c e s s  f o r  t h e  i s o l a t i o n  o f
p a r a t y p h o i d  b a c i l l i  f rom f a e c e s   by M ack ie ;  J o u r n .  o f  RAMG.,
v o l .  2 9 ,1 9 1 7 , p . 475 .
Æ
The d i a g n o s t i c  i n t e r p r e t a t i o n  o f  t h e  a g g l u t i n a t i o n  t e s t  i n  
ty p h o id  and p a r a t y p h o i d  i n f e c t i o n s  o c c u r r i n g  among t y p h o i d
i n o c u l a t e d  t r o o p s  by Mackie and W i l t s h i r e ;  J o u r n .  o f  RAMG.,
v o l . 2 9 , 1 9 1 7 , p . 276.
The d i a g n o s i s  o f  e n t e r i c a  i n f e c t i o n s  by b a c t e r i o l o g i c a l  and s e r o
l o g i c a l  m e th o d s  by Brow ning ,M ack ie  and T h o r n t o n , A p p l i e d
B a c t e r i o l o g y , B r o w n i n g , I 9 I 8 , p . 9.
R e f e r e n c e  to  t h e  c l a s s i f i c a t i o n  o f  B * c o l i  t y p e s  was a l s o  
made i n  t h e  f o l l o w i n g  p a p e r s :
The i s o l a t i o n  o f  t y p h o i d  b a c i l l i  f rom  f a e c e s  by means o f  b r i l l ­
i a n t  g r e e n  i n  f l u i d  medium  by B ro w n in g ,G i lm ou r  and M ack ie ;
J o u r n .  o f  H y g i e n e , v o l . 1 3 , 1 9 1 3 , p . 335.
The i s o l a t i o n  o f  B . ty p h o s u s  from f a e c e s  by t h e  u s e  o f  p o t a s s ­
ium t e l l u r a t e  a lo n g  w i t h  b r i l l i a n t  g r e e n  i n  f l u i d  medium--------
by B row ning ,M ack ie  and Sm ith ;  J o u r n .  o f  P a t h ,  and B a c t . , v o l . I 9 ,  
I 9 I 4 , p . I 2 7 .
R e f e r e n c e s  t o  l i t e r a t u r e  b e a r i n g  on t h e  p a r t i c u l a r  s u b j e c t s  
d i s c u s s e d  a r e  i n c l u d e d  a t  t h e  end o f  t h e  r e s p e c t i v e  p a r t s  u n d e r  
t h e  v a r i o u s  a u t h o r s  q u o te d  i n  t h e  t e x t .
The t h e s i s  was w r i t t e n  i n  1920.
P c ir  t  1 .
A s t u d y  o f  th e  B. c o l i  g roup  w i t h  s p e c i a l  r e f e r e n c e  to  
the  s e r o l o g i c a l  c h a r a c t e r s  o f  t h e s e  ■ o r g a n i s m s .
I n t r o d u c t o r y  d i s c u s s i o n  - the  c l a s s i f i c a t i o n  o f  
c o l i f o r m  b a c i l l i  and  th e  b i o l o g i c a l  r e l a t i o n s h i p s  
o f  th e  B. c o l i  g roup  to  o t h e r  g r a m - n e g a t i v e  a e r o b i c  
i n t e s t i n a l  b a c i l l i .
G e n e r a l  o u t l i n e  o f  i n v e s t i g a t i o n .
C r i t e r i a  employed  f o r  d i f f e r e n t i a t i o n  o f  t y p e s .  
M ethods ,
Sys tem  o f  c l a s s i f i c a t i o n  and  d e s i g n a t i o n  a d o p t e d .  
Types o f  c o l i f o r m  b a c i l l i  fo u n d  i n  p y o g e n ic  
i n f e c t i o n  o f  the  u r i n a r y  sy s te m .
Types i s o l a t e d  from f a e c e s ,  a p p e n d i x  a b s c e s s e s  and  
o t h e r  s o u r c e s .
S e r o l o g i c a l  i n v e s t i g a t i o n s :
A g g l u t i n a t i o n  r e a c t i o n s .
' Methods.
A b s o r p t i o n  t e s t s .
■ ' /  ,
Complement d e v i a t i o n  r e a c t i o n s :
Methods.
Group r e a c t i o n s .
The c o m p a r a t iv e  r e s i s t a n c e  to  b r i l l i a n t - g r e e n  o f  
th e  d i f f e r e n t  t y p e s  of  c o l i f o r m  b a c i l l i  w i t h  
r e f e r e n c e  t o  c l a s s i f i c a t i o n .
V a r i a t i o n  among c o l i f o r m  b a c i l l i :
V a r i a t i o n  i n  g a s  p r o d u c t i o n .
V a r i a t i o n  i n  b i o c h e m i c a l  c h a r a c t e r s .
V a r i a t i o n  i n  c u l t u r a l  c h a r a c t e r s  a s s o c i a t e d  
w i t h  v a r i a t i o n  i n  a g g l u t i n a b i l i t y .
R e f e r e n c e s .
P a r t  2.
O b s e r v a t i o n s  on the  b a c t e r i o l o g y  o f  b a c i l l a r y  d y s e n t e r y .  
I n t r o d u c t i o n .
P r e l i m i n a r y  o b s e r v a t i o n s .
F u r t h e r  o b s e r v a t i o n s .
Me t  ho d s .
G e n e ra l  r e s u l t s .
B. d y s e n t e r i a e  S h ig a  s t r a i n s .
B. d y s e n t e r i a e  F l e x n e r - Y  s t r a i n s .
The a t y p i c a l  d y s e n t e r y  b a c i l l i .
Animal  e x p e r i m e n t s .
C l i n i c a l  a n d  e p i d e m i o l o g i c a l  s i g n i f i c a n c e  o f  a t y p i c a l  
d y s e n t e r y  b a c i l l i .
F r e q u e n c y  o f  d y s e n t e r y  b a c i l l i  i n  th e  f a e c e s  a t  
d i f f e r e n t  s t a g e s  of th e  d i s e a s e ;
C o n c o m i t a n t s  of  B. d y s e n t e r i a e .
R e l a t i v e  p r e v a l e n c e  o f  th e  d i f f e r e n t  i n f e c t i o n s  
a t  d i f f e r e n t  p e r i o d s .
The mode o f  i n f e c t i o n  i n  b a c i l l a r y  d y s e n t e r y :  
The o c c u r r e n c e  o f  h e a l t h y  c a r r i e r s .
L e n g t h  of t ime d u r in g  w h ic h  e x c r e t a  a r e  
i n f e c t i v e .
The p o s s i b i l i t y  o f  i n f e c t i o n  by  w a t e r ,  
s a n d ,  f o o d  an d  f l i e s .
R e f e r e n c e s .
P a r t  3.
The V. p a r a c h o l e r a e  g ro u p .
I n t r o d u c t i o n .
The o c c u r r e n c e  o f  p a r a c h o l e r a  v i b r i o s  i n  a  
l o c a l i z e d  c h o l e r a i c  o u t b r e a k .
C l i n i c a l  sum m aries .
I s o l a t i o n  of  t h e  v i b r i o s .  '
C h a r a c t e r s  o f  v i b r i o  s t r a i n s  i s o l a t e d .  
S e r o l o g i c a l  r e a c t i o n s .
P a t h o g e n i c  e f f e c t s  on a n i m a l s .
The i d e n t i t y  o f  the  s t r a i n s  i s o l a t e d .  
F u r t h e r  i n v e s t i g a t i o n s .
C a r r i e r s .
O th e r  s t r a i n s  i s o l a t e d  f rom  c h o l e r a i c  
a n d  d i a r r h o e a  c a s e s .
C h a r a c t e r s  o f  t h e s e  s t r a i n s .
S e r o l o g i c a l  c h a r a c t e r s .
S e r o l o g i c a l  c l a s s i f i c a t i o n .
C o n c l u s i o n s .
Methods a d o p te d  f o r  t h e  i s o l a t i o n  a n d  s e r o l o g i c a l  
i d e n t i f i c a t i o n  o f  v i b r i o s .
R e f e r e n c e s .
P a r t  4.
, The i s o l a t i o n  o f  p a r a t y p h o i d  b a c i l l i  f rom  f a e c e s  by 
e n r i c h m e n t  w i t h  b r i l l i a n t  g r e e n  i n  f l u i d  medium.
The i s o l a t i o n  o f  p a r a t y p h o i d  b a c i l l i  f rom  u r i n e .
The r e c o g n i t i o n  o f  B. p a r a t y p h o s u s  B. c o l o n i e s  i n  
p l a t e  c u l t u r e s .
• R e f e r e n c e s .
P a r t  5.
A s t u d y  o f  the  a g g l u t i n a t i o n  r e a c t i o n s  o f  th e  serum  i n  
p a r a t y p h o i d  i n f e c t i o n s  o c c u r r i n g  among t y p h o i d  i n o c u l a t e d  
t r o o p s .
M ethods .  ■
G e n e ra l  r e s u l t s ;  c o n c o m i ta n t  r e a c t i o n  w i t h  
B. t y p h o s u s .
A b s o r p t i o n  t e s t s .
T echn ique  .
Absence of  c o n c o m i t a n t  r e a c t i o n  w i t h  B. t y p h o s u s .  
R e a c t i o n s  w i t h  b o t h  B. p a r a t y p h o s u s  A and  B.
I-egree of  a g g l u t i n a t i o n  r e a c t i o n .
Absence of  s p e c i f i c  r e a c t i o n .
The im p o r ta n c e  of  seco n d  r e a d i n g s  a f t e r  24 h o u r s  
R e p e t i t i o n  o f  the  t e s t  d u r i n g  the  c o u r s e  o f  the  
i l l n e s s .
Anomalous r e a c t i o n s .  \
C o r r e l a t i o n  o f  b a c t e r i o l o g i c a l  an d  s e r o l o g i c a l  
r e s u l t s .
D i a g n o s t i c  s t a n d a r d s .  >
P A R T  I .
A Study of the
B. COLI GROUP
w ith  sp e c ia l R eference to
the S ero lo g ica l Characters of
these Organisms.
I n t r o d u c t o ry  d i s c u s s i o n :  t h e  c l a s s i f i c a t i o n  o f  
" c o l i f o r m  " b a c i l l i  an d - the  b i o l o g i c a l  r e l a t i o n s  h ip s  o f  th e  
B. c o l i  g r o up to  o t he r  g r a m - n e g a t iv e  a e r o b i c  i n t e s t i n a l  b a c i l l i
In  1885 EsOjoerich  r e c o r d e d  th e  i s o l a t i o n  of  a 
g ra m -n e g a t iv e  i n t e s t i n a l  b a c i l l u s  w h ic h  he d e s i g n a t e d  B. c o l i  
communis an d  t h i s  c l a s s i c a l  type  has been  l o n g  c o n s i d e r e d  the  
p r e v a l e n t  i n t e s t i n a l  b a c t e r i u m .  I n  g e n e r a l  t h i s  o rg an ism  has  
been d e s c r i b e d  a s  a m o t i l e ,  n o n - s p o r i n g ,  a e r o b i c ,  f a c u l t a t i v e l y  
a n a e r o b i c ,  g r a m - n e g a t i v e  b a c i l l u s ,  w h ic h  grows a t  37° C . , 
f e r m e n ts  g l u c o s e ,  l a c t o s e  an d  d u l c i t e  w i t h  a c i d  and  gas  
p r o d u c t i o n ,  fo rm s  i n d o l  f rom p e p t o n e ,  c l o t s  m i lk ,  r e d u c e s  
n i t r a t e s ,  a n d  grows i n  g e l a t i n  m edia  w i t h o u t  p r o d u c i n g  
l i q u e f a c t i o n .
W i t h  the  advance  of b a c t e r i o l o g i c a l  knowledge and a s  a  
r e s u l t  o f  e x t e n s i v e  i n v e s t i g a t i o n s  on th e  b a c t e r i o l o g y  o f  
f a e c e s ,  w a t e r ,  m i lk ,  e t c . ,  t h i s  o r i g i n a l  t^/pe has come to  
r e p r e s e n t  o n ly  one o f  a  c o n s i d e r a b l e  b a c t e r i a l  c l a s s  o r  g ro u p .  
The o rg an ism s  o f  t h i s  g ro up ,  however,  a r e  c h a r a c t e r i s t i c  
normal i n h a b i t a n t s  o f  th e  a n im a l  i n t e s t i n e  a n d  a r e  t h e r e f o r e  
c o n v e n i e n t l y  d e s i g n a t e d  by the  g e n e r i c  t e rm  B. c o l i .
T h e i r  p a t h o l o g i c a l  im p o r ta n c e  has  been  w e l l  e s t a b l i s h e d  
in  v i r t u e  of  t h e i r  p o t e n t i a l l y  p a t h o g e n i c  p r o p e r t i e s ,  and ,  in  
the b a c t e r i o l o g i c a l  d i a g n o s i s  o f  i n t e s t i n a l  i n f e c t i o n s ,  t h e i r  
p r e c i s e  r e c o g n i t i o n  an d  the  s e p a r a t i o n  a n d  d i f f e r e n t i a t i o n  
of s p e c i f i c  p a t h o g e n i c  o rg a n i s m s  from  them have n e c e s s i t a t e d
the most c a r e f u l  s t u d y  o f  t h e i r  b i o l o g i c a l  c h a r a c t e r s .  Moreover  
t h e i r  o c c u r r e n c e  i n  w a te r  s u p p l i e s  has  l e d  to  an  e x t e n s i v e  
s tu dy  o f  the  whole group  f rom  the  p o i n t  o f  v iew  o f  sewage 
c o n ta m i n a t i o n  a n d  the  im p o r ta n c e  o f  c e r t a i n  t y p e s  a s  i n d i c a t o r s  
of su ch  c o n t a m i n a t i o n  has  b e en  e up h a s i z e d .  Thus,  th e  d e t e c t i o n  
of t h e s e  o rg a n i s m s  c o n s t i t u t e s  an e s s e n t i a l  method i n  th e  
r o u t i n e  e x a m i n a t i o n  o f  w a t e r  s u p p l i e s .  T h i s  g roup  o f  b a c t e r i a  
i s  a l s o  c o n c e r n e d  i n  the  p r o c e s s  o f  s o u r i n g  o f  m i lk  a n d  c e r t a i n  
of th e  c l a s s i c a l  t y p e s  were o r i g i n a l l y  i s o l a t e d  f ro m  t h i s  
so u rc e ,  e . g . ,  B. a c i d i  l a c t i c i  (Huppe) .
W hile  th e  whole g roup  o f  o r g a n i s m s  b i o l o g i c a l l y  a l l i e d  
to E sch er ich M s  o r i g i n a l  type  has  b e e n  c l a s s i f i e d  a s  B. c o l i ,  
the q u e s t i o n  a s  to  w h ic h  v a r i e t i e s  r e p r e s e n t e d  ” t y p i c a l  "
B. c o l i ,  a s  a p a r t  f ro m  ** a t y p i c a l  ** fo rm s ,  ha s  b e e n  s t u d i e d  i n  
c o n n e c t i o n  w i t h  th e  b a c t e r i o l o g y  o f  w a t e r  (H ous ton  an d  o t h e r s ) .  
Much c o n f u s i o n  has  r e s u l t e d ,  however ,  a s  r e g a r d s  t h e  d e f i n i t i o n  
of a  t y p i c a l  B. c o l i  owing to  t h e  d i f f e r e n t  i d e n t i f i c a t i o n  
s t a n d a r d s  s e t  up by  v a r i o u s  o b s e r v e r s .  Some o f  t h e s e  
d e f i n i t i o n s  have b e en  too  l i m i t e d  i n  t h e i r  a p p l i c a t i o n  and  
d i f f e r e n t  d e g r e e s  o f  im p o r ta n c e  have b e en  a t t a c h e d  t o  d i f f e r e n t  
c h a r a c t e r s .  (Sav ag e ,  P r e s c o t t  a n d  W inslow, K o n r i c h ,  R e p o r t s  
of the  E n g l i s h  a n d  American C om m it tees  on s t a n d a r d  m ethods  f o r  
the e x a m i n a t i o n  o f  w a t e r ) .
While  t h e r e  has  b e e n  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  
c r i t e r i a  a d o p t e d  b y  d i f f e r e n t  w o r k e r s  f o r  t h e  i d e n t i f i c a t i o n  o f
t h e  c o lo n  b a c i l l u s ,  t h e  c h a r a c t e r s  g e n e r a l l y  a c c e p t e d  a s  common 
t o  t h e  whole  g rou p  of  " B, c o l i  ” may be summed up a s  f o l l o w s : -  
g r a m - n e g a t iv e ,  a e r o b i c ,  f a c u l t a t i v e l y  a n - a e r o b i c ,  n o n - s p o r i n g  
b a c i l l i  g row ing  a t  37°  C. ,  and f e r m e n t i n g  g lu c o s e  and l a c t o s e .  
Other c h a r a c t e r s ,  e . g . ,  d i f f e r e n t  f e r m e n t a t i v e  r e a c t i o n s ,  
m o t i l i t y ,  i n d o l  p r o d u c t i o n ,  Voges and P r o s k a u e r  r e a c t i o n ,  s im p ly  
de te rm in e  t h e  d i f f e r e n t i a t i o n  o f  s e p a r a t e  t y p e s .  Thus,  t h e  
term ” l a c t o s e - f e r m e n t e r  " h a s  b e e n  f r e q u e n t l y  u s e d  a s  a  
c o n v e n ie n t  d e s i g n a t i o n  f o r  t h e  group  (MacConkey)’.
The q u e s t i o n  a r i s e s  a s  t o  w h e th e r  g e l a t i n - l i q u e f y i n g ,  
gram-ne g a t i v e  b a c i l l i  w h ich  c o r r e s p o n d  i n  o t h e r  c h a r a c t e r s  t o  
B. c o l i  t y p e s  a r e  t o  be  i n c l u d e d  i n  t h i s  b i o l o g i c a l  g r o u p .
Among t h e  l a c t o s e - f e r m e n t e r s  c l a s s i f i e d  by MacConkey c e r t a i n  
g e l a t i n  l i q u e f i e r s  were r e p r e s e n t e d ,  e . g . ,  B. c l o a c a e ,
B. o x y to c u s  p e r n i c i o s u s ,  and o t h e r  a u t h o r i t i e s  ( P r e s c o t t  and 
Winslow) have  a c c e p t e d  t h i s  r e a c t i o n  a s  one o f  t h e  p o s s i b l e  
c h a r a c t e r s  o f  t h e  g r o u p .  I n  my ov/n e x p e r i e n c e  o f  a  l a r g e  number 
of c o l i f o r m  s t r a i n s  f rom f a e c e s ,  u r i n e ,  e t c . ,  and  a l s o  w a t e r  
(Egypt 1915-1918)  I  h a v e  n e v e r  met w i t h  g e l a t i n - l i q u e f y i n g ,  
g r a m - n e g a t i v e ,  a e r o b i c ,  n o n - S p o r in g  b a c i l l i  c a p a b l e  o f  g row ing  
a t  37° C. ,  a p a r t  f rom  t h o s e  r e f e r a b l e  t o  t h e  B. p r o t e u s  t y p e . *
* B. p r o t e u s :  g r a m - n e g a t i v e ,  m o t i l e ,  a e r o b i c ,  n o n - s p o r i n g ,  
b a c i l l i ,  g rowing  w e l l  a t  37° C. ,  showing a  t e n d e n c y  t o  
" s p r e a d i n g  * t y p e  o f  g ro w th ,  f e r m e n t i n g  g l u c o s e  w i t h  or 
w i th o u t  g a s ,  n o t  f e r m e n t i n g  l a c t o s e ,  d u l c i t e  or  m a n n i t e ,  
v a r y in g  i n  f e r m e n t a t i o n  of  s a c c h a r o s e  and i n  i n d o l  f o r m a t i o n ,  
l i q u e f y i n g  r a p i d l y  g e l a t i n  or  s o l i d i f i e d  serum.
While th e  c h a r a c t e r i s t i c  B. c o l i  has  th e  p r o p e r t y  of  
f e r m e n t i n g  l a c t o s e ,  i t  i s  d o u b t f u l  ( a s  w i l l  be shown l a t e r ,  
p .  Ij.i ) i f  l a c t o s e  f e r m e n t a t i o n  can  be r e g a r d e d  a s  a  s p e c i f i c  
c h a r a c t e r  o f  a  p a r t i c u l a r  g roup  o f  i n t e s t i n a l  b a c i l l i  a n d  
s t u d i e s  on t h e  v a r i a t i o n  of  t h e s e  o rg a n is m s  (v .p*  i S  ) have 
shown how c e r t a i n  t y p e s  o n ly  a c q u i r e  t h i s  p r o p e r t y  by  
m u ta t io n  on c u l t u r e  medium.
Thus n o n - g e l a t i n - l i q u e f y i n g ,  g l u c o s e - f e r m e n t i n g ,  
n o n - l a c t o s e - f e r m e n t i n g  b a c i l l i  o f  i n t e s t i n a l  o r i g i n  have to  
be c o n s i d e r e d  i n  any  s y s te m  o f  c l a s s i f i c a t i o n  o f  th e  
g r a m - n e g a t iv e  i n t e s t i n a l  b a c i l l i .
From our  p r e s e n t  knowledge o f  th e  a e r o b i c  i n t e s t i n a l  
b a c i l l i  i t  would  a p p e a r  more r a t i o n a l  f ro m  th e  p u r e l y  
b i o l o g i c a l  s t a n d p o i n t  t o  r e c o g n i s e  a  l a r g e  c l a s s  o f  i n t e s t i n a l  
b a c i l l i  h a v i n g  th e  common c h a r a c t e r s :  a e r o b i c ,  g r a m - n e g a t i v e ,  
n o n - s p o r i n g ,  g row ing  a t  37° C . ,  f e r m e n t i n g  g l u c o s e  w i t h  or  
w i th o u t  g a s  p r o d u c t i o n ,  n o t  l i q u e f y i n g  g e l a t i n ;  c o m p r i s i n g  
c e r t a i n  s p e c i f i c  p a t h o g e n i c  o rg a n i s m s  s p e c i a l l y  d e s i g n a t e d ,  
and i d e n t i f i e d . b y  c u l t u r a l  and  s e r o l o g i c a l  c h a r a c t e r s , . e . g . ,
B. t y p h o s u s ,  e t c . ,  a n d  a  l a r g e  number o f  s a p r o p h y t i c ,  t h o u g h t  
p o t e n t i a l l y  p a t h o g e n i c ,  v a r i e t i e s  w h ic h  can  be g e n e r a l l y  
c l a s s i f i e d  i n t o  d i f f e r e n t  t y p e s  a c c o r d i n g  t o  t h e i r  c u l t u r a l  
c h a r a c t e r s .  The t a rm  B. c o l i  ( i f  i t  i s  t o  be u s e d  a t  a l l )  i n  
i t s  w i d e s t  a p p l i c a t i o n  would  t h u s  become r e f e r a b l e  to  t h o s e  
members o f  th e  c l a s s  w h ic h  do n o t  p o s s e s s  s p e c i f i c  p a t h o g e n i c
p r o p e r t i e s  i r r e s p e c t i v e  of  c e r t a i n  c u l t u r a l  c h a r a c t e r s  
i n c l u d i n g  l a c t o s e  f e r m e n t a t i o n .  The t e rm  " t y p i c a l  B. c o l i  ** 
would be u sed ,  i f  n e c e s s a r y ,  to  d e s i g n a t e  t h o s e  t y p e s  
( f e r m e n t i n g  l a c t o s e ,  c l o t t i n g  m i lk ,  an d  p r o d u c i n g  i n d o l )  w h ic h  
a re  most p r e v a l e n t  i n  th e  i n t e s t i n e  and  t h e r e f o r e  u n d o u b ted  
i n d i c a t o r s  in  w a t e r  o f  r e c e n t  sewage p o l l u t i o n .  The o n ly  
j u s t i f i c a t i o n  f o r  r e c o g n i s i n g  a  s p e c i a l  g roup  of ** l a c t o s e -  
f e r m e n te r s  ” depends  on th e  s t a t i s t i c a l  f a c t  t h a t  t h e s e  t y p e s  
a re  most p r e v a l e n t  i n  f r e s h  a n im a l  e x c r e t a  b u t  i t  i s  
q u e s t i o n a b l e  i f  the  s t a t i s t i c a l  b a s i s  can be u sed  f o r  a  
b i o l o g i c a l  c l a s s i f i c a t i o n .
The f u r t h e r  q u e s t i o n  a r i s e s  a s  to  th e  s i g n i f i c a n c e  o f  
g e l a t i n  l i q u e f a c t i o n  a n d  w h e th e r  a  w id e r  d e f i n i t i o n  o f  the  
c l a s s  i s  r e q u i r e d ,  i . e . ,  t o  i n c l u d e  B. p r o t e u s .  I t  must  be 
a d m i t t e d  t h a t  w i t h  th e  e x c e p t i o n  of  g e l a t i n  l i q u e f a c t i o n ,  
ty pes  of  B. p r o t e u s  may c o r r e s p o n d  c l o s e l y  t o  c e r t a i n  non­
l i q u e f y i n g  i n t e s t i n a l  b a c i l l i .
Organ ism s o f  the- B. f a e c a l i s  a l k a l i g e n e s  type  have a l s o  
to be c o n s id e r e d ,  i n  r e g a r d  t o  t h e  c l a s s i f i c a t i o n  o f  th e  
g ra m - n e g a t iv e  i n t e s t i n a l  b a c i l l i . *  B. f a e c a l i s  a l k a l i g e n e s  has 
been r e c o g n i s e d  a s  d i f f e r i n g  from th e  m o t i l e  o rg a n i s m s  o f  
the  c o l i - t y p h o i d  c l a s s  in  th e  •’ t e r m i n a l  ” p o s i t i o n  o f  i t s
* In  J e n s e n ' s  c l a s s i f i c a t i o n  (v .  i n f r a )  B. f a e c a l i s  a l k a l i g e n e s  
i s  g ro u p ed  a l o n g  w i t h  th e  o t h e r  g r a m - n e g a t i v e  i n t e s t i n a l
b a c i l l i .
f l a g e l l a  a s  oppo sed  t o  the  " l a t e r a l  ” a r r a n g e m e n t  i n  t h e  c a s e  
of  B, c o l i  and  B. t y p h o s u s .  (B e rg h a u s ,  Klimenko) » W hile  t h i s  
i s  t r u e  f o r  my own o b s e r v a t i o n s  o f  t h e s e  o r g a n i s m s ,  n o n - m o t i l e ,  
g r a m - n e g a t iv e ,  a e r o b i c  b a c i l l i  w h ic h  do n o t  f e r m e n t  g l u c o s e  or  
any o t h e r  s u g a r  have b een  f r e q u e n t l y  n o t e d  i n  d y s e n t e r i c  
s t o o l s , a n d  s t r a i n s  o f  t h i s  ty p e  have b e en  fo u n d  w h i c h ,o n  f i r s t  
i s o l a t i o n , d i d  n o t  f e r m e n t  g l u c o s e  and  o n ly  g a i n e d  t h i s  
p r o p e r t y  a f t e r  a  p e r i o d  o f  g ro w th  i n  a  g l u c o s e  medium. T h i s  
might a p p e a r  to  l i n k  up o rg a n i s m s  o f  t h e  B* f a e c a l i s  
a l k a l i g e n e s  ty p e  w i t h  t h e  s u g a r  f e r m e n t i n g  i n t e s t i n a l  b a c i l l i .
The ** l a c t o s e - f e r m e n t e r s  •* have b e e n  th e  s u b j e c t  o f  
much c a r e f u l  s t u d y :  o r i g i n a l l y  d i f f e r e n t  c l a s s i c a l  t y p e s  had 
been s e p a r a t e l y  d e s c r i b e d ,  e . g . ,  B. c o l i  communis,
B. n e a p o l i t a n u B  (Emmerich) , B. a c i d i  l a c t i c i  (H u p p e ) ,
B. l a c t i s  a e r o g e n e s  ( B s c h e r i c h )  , e t c . ,  and  t h e s e  names may 
s t i l l  be r e t a i n e d  f o r  o rg an ism s  w h ic h  a c c u r a t e l y  c o r r e s p o n d  t o  
such c l a s s i c a l  s t r a i n s .
The work o f  MacConkey on th e  l a c t o s e - f e r m e n t i n g  c o l i f o r m  
b a c i l l i  r e p r e s e n t e d  the  f i r s t  a t t e m p t  i n  th e  d i r e c t i o n  o f  a  
r a t i o n a l  s y s t e m  o f  c l a s s i f i c a t i o n  o f  t h e s e  o r g a n i s m s .
A number o f  c u l t u r a l  t e s t s  had  b e en  commonly employed 
which were shown by  him t o  be  o f  l i t t l e  d i f f e r e n t i a l  v a l u e  and  
he f u r t h e r  e s t a b l i s h e d  t h e  im p o r ta n c e  o f  a  s e l e c t e d  th o u g h  
com prehens ive  s e r i e s  o f  b i o c h e m i c a l  r e a c t i o n s  a s  ty p e  c r i t e r i a .
7,
MacConkey (1805) i n  h i s  f i r s t  p a p e r  d e a l i n g  w i t h  t h i s  
s u b j e c t  a r b i t r a r i l y  d i v i d e d  th e  l a c t o s e  f e r m e n t e r s  i n t o  f o u r  
sub -g ro u p s  a c c o r d i n g  a s  t h e y  d id  or  d i d  n o t  decompose 
s a cc h a ro se  and d u l c i t e .  The f i r s t  group r e p r e s e n t e d  b y  th e  
c l a s s i c a l  B. a c i d i  l a c t i c i  i n c l u d e d  t h o s e  w h ic h  f e r m e n t e d  
n e i t h e r  d u l c i t e  n o r  s a c c h a r o s e ;  t h e  seco n d  i n c l u d e d  t h o s e  
which f e r m e n t e d  d u l c i t e  b u t  n o t  s a c c h a r o s e ,  e . g . ,  B. c o l i  
communis; th e  t h i r d  c o m p r i s e d  t y p e s  s u c h  a s  B. n e a p o l i t a n u s  
which f e r m e n t e d  b o t h  d u l c i t e  and s a c c h a r o s e ;  a n d  th e  f o u r t h  
c o n s i s t e d  o f  s t r a i n s  w h ich  f e r m e n te d  s a c c h a r o s e  b u t  n o t  
dulc i t e .
T h i s  c l a s s i f i c a t i o n  was o f  c o u r s e  e n t i r e l y  a r b i t r a r y  
and i n c o m p l e t e .
I n  1909 MacConkey r e v i e w e d  t W  whole s u b j e c t  a n d  
i n d i c a t e d  t h a t  i f ,  i n  a d d i t i o n  t o  th e  f e r m e n t a t i o n  o f  d u l c i t e  
apd s a c c h a r o s e ,  f u r t h e r  t e s t s  were added ,  -  e f f e c t  on a d o n i t e  
and i n u l i n ,  p r e s e n c e  o f  m o t i l i t y ,  i n d o l  p r o d u c t i o n ,  th e  Voges 
and P r o s k a u e r  r e a c t i o n , —t h e o r e t i c a l l y  128 p o s s i b l e  v a r i e t i e s  
c o u ld  be d i f f e r e n t i a t e d .  At t h a t  t im e  he had  exam ined  497 
s t r a i n s  f rom  human a n d  a n im a l  f a e c e s ,  w a t e r ,  e t c . ,  and  o f  the  
128 p o s s i b l e  t y p e s  had met w i t h  36 v a r i e t i e s  d i f f e r e n t i a t e d  
a c c o r d i n g  t o  t h e i r  a c t i o n  on ( l )  g e l a t i n ,  (2) d u l c i t e ,
(3) s a c c h a r o s e ,  (4) a d o n i t e ,  (5) i n u l i n , i n  some i n s t a n c e s ,
(6) i n o s i t e ,  and  by  (7) t h e  p r e s e n c e  o r  a b se n c e  o f  m o t i l i t y ,  
(8) i n d o l  p r o d u c t i o n  a n d  (9) t h e  Voges a n d  P r o s k a u e r  r e a c t i o n .
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MacConkey had a t  th e  same t ime t e s t e d  a  number o f  o t h e r  
f e rm e n ta b le  s u b s t a n c e s  w h ich  had b een  commonly employed,  b u t  
i n d i c a t e d  t h a t  no f u r t h e r  i n f o r m a t i o n  was to  be o b t a i n e d  b y  th e  
use o f  s u g a r s ,  e t c . ,  s u c h  a s  g a l a c t o s e  a n d  l a e v u l o s e  on w h ich  
the v a r i o u s  s u b - g r o u p s  had a l l  th e  same e f f e c t ;  and  i n  th e  c a s e  
of q u e r c i t e  a n d  e r y t h r i t e  fo u n d  t h a t  p r a c t i c a l l y  none o f  h i s  
s t r a i n s  had a n y  f e r m e n t a t i v e  a c t i o n .  Out o f  497 s t r a i n s  
examined, 178 were f rom  human f a e c e s  a n d  o f  th e  v a r i o u s  t y p e s  
n o te d  th e  most p r e v a l e n t  were type  Mo. 71, B. c o l i  communis, 
and B. v e s i c u l o s u s  ( s e e  t a b l e  I ) .
MacConkey 's  s y s te m  o f  c l a s s i f i c a t i o n  has  b e en  s u p p o r t e d  
and a d o p te d  by  B ergey  a n d  Dee ham, Clemesha a n d  o t h e r s ,  a n d  
m od if ied  by  Ja c k s o n  who employed th e  r e a c t i o n s  i n  m an n i te  a n d  
r a f f i n o s e  a s  f u r t h e r  d i f f e r e n t i a l  c h a r a c t e r s .
Howe, on th e  o t h e r  hand,  c l a im e d  t h a t  m o t i l i t y ,  i n d o l  
fo rm a t io n ,  m an n i te  and  d u l c i t e  f e r m e n t a t i o n  were o f  l i t t l e  
v a lu e  f o r  c l a s s i f i c a t i o n  owing t o  th e  f a c t  t h a t ,  f rom  th e  
s t a t i s t i c a l  p o i n t  o f  v iew ,  t h e s e  r e a c t i o n s  showed no 
c o r r e l a t i o n  w i t h  one a n o t h e r  o r  w i t h  O th e r  c r i t e r i a .  P r e s c o t t  
and Winslow have a l s o  u r g e d  th e  v a l u e  o f  the  s t a t i s t i c a l  b a s i s  
fo r  a  b i o l o g i c a l  c l a s s i f i c a t i o n  a n d  t h a t  t h e  c h a r a c t e r s  o f  
th ese  o rg a n i s m s  s h o u l d  be  c o n s i d e r e d  n o t  i n d e p e n d e n t l y  b u t  i n  
r e l a t i o n s h i p  t o  one a n o t h e r .
K l i g l e r  em p h a s ize d  th e  im p o r ta n c e  o f  s a l i c i n  f e r m e n t a t i o n  
f o r  d i f f e r e n t i a l  p u r p o s e s  and  e l a b o r a t e d  a  c o n p r e h e n s i v e  s y s te m
of c l a s s i f i c a t i o n  o f  d e x t r o s e - f e r m e n t i n g  i n t e s t i n a l  b a c i l l i ;  he 
subd iv ided  t h e s e  o rg an ism s  f i r s t  a c c o r d i n g  t o  t h e i r  a c t i o n  on 
l a c to s e  and th e  f u r t h e r  c l a s s i f i c a t i o n  depended  m a in ly  on the  
r e a c t i o n s  i n  d u l c i t e , s a c c h a r o s e  a n d  s a l i c i n ;  he i n c l u d e d  among 
the v a r i o u s  s u b - g r o u p s  B. p r o t e u s  and B. c l o a c a e  ( g e l a t i n  
l i q u e f i e r s )  .
An o l d e r  s y s te m  o f  c l a s s i f i c a t i o n  w h ich  i s  o f  i n t e r e s t  
to c o n s i d e r  b r i e f l y  i s  t h a t  o f  J e n se n  who on th e  b a s i s  o f  
c e r t a i n  s im p le  f e r m e n t a t i v e  r e a c t i o n s  a r b i t r a r i l y  d i v i d e d  th e  
whole c o l i - t y p h o i d  group  i n t o  s e v e r a l  main s u b - g r o u p s ;  th e  
c r i t e r i a  were th e  r e a c t i o n s  i n  g l u c o s e ,  l a c t o s e ,  s a c c h a r o s e  
and m a l to s e ,  an d  i n  t h i s  way the  f o l l o w i n g  o rg a n i s m s  were 
d i f f e r e n t i a t e d :  B« f a e c a l i s  a l k a l i g e n e s ,  B. " m e t a c o l i , "
B. ty p h o su s ,  B. p a r a c o l o n ,  B. c o l i  a n a e r o g e n e s ,  B. c o l i  
(2 ty p es )  and  B. ” p s e u d o c o ld  ; ” t h i s  sy s te m  was l a t e r  
a m p l i f i e d ,  f o r  the  d i f f e r e n t i a t i o n  o f  c o l i f o r m  b a c i l l i ,  by  
Wulff  who em ployed  c e r t a i n  a d d i t i o n a l  t e s t s :  g a l a c t o s e ,  
g l y c e r i n ,  a d o n i t e ,  m a n n i t e ,  d u l c i t e  and  x y l o s e  f e r m e n t a t i o n .
T h is  s y s te m  o f  c l a s s i f i c a t i o n  c an n o t  be c o n s i d e r e d  a s  
s u f f i c i e n t l y  c o m p l e t e ;  th u s  no C ogn isance  was t a k e n  o f  i n d o l  
p r o d u c t i o n  and  t h e  f e r m e n t a t i o n  o f  i n o s i t e .  As w i l l  be shown 
l a t e r  ( v . p .  Lj.! ) t h e s e  r e a c t i o n s  a r e  i m p o r t a n t  a n d  
c h a r a c t e r i s t i c  f e a t u r e s  o f  c e r t a i n  B. c o l i  s u b - g r o u p s .
Houston i n  c o n n e c t i o n  w i t h  th e  b a c t e r i o l o g i c a l  
ex am in a t io n  of  w a te r  has  c l a s s i f i e d  c o l i f o r m  b a c i l l i  i n t o
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" t y p i c a l  ” an d  ” a t y p i c a l  " v a r i e t i e s  (v .  su p ra )  and  f u r t h e r  
d iv ided  th e  t y p i c a l  o rg an ism s  a c c o r d i n g  to  the  f e r m e n t a t i o n  
of d u l c i t e  and  s a c c h a r o s e .
While  d i f f e r e n t  sys tem s  o f  c l a s s i f i c a t i o n  have t h u s  
been a d o p te d  w h ic h  i n  the  hands o f  v a r i o u s  w o r k e r s  have s e r v e d  
a p r a c t i c a l  p u r p o s e  i n  e n a b l i n g  them to  r e c o g n i s e  t y p i c a l  
v a r i e t i e s  a s  a p a r t  f rom  th o se  w h ich  a re  l e s s  c h a r a c t e r i s t i c ,  
i t  can h a r d l y  be  c l a im e d  t h a t  t h e s e  o rg an ism s  have y e t  b e e n  
com ple te ly  c l a s s i f i e d  n o r  t h a t  th e  s i g n i f i c a n c e  o f  d i f f e r e n t  
c h a r a c t e r s  h a s  b e e n  a c c u r a t e l y  a s s e s s e d .
GENERAL 0ÜTL1KE OF THE IFVESTIGATIOM.
I n  the  o b s e r v a t i o n s  to  be r e c o r d e d ,  a  f u r t h e r  s t u d y  has  
been made o f  t h e  " B. c o l i  " group and  th e  c h a r a c t e r s  o f  a  
l a rg e  number o f  s t r a i n s  o f  g r a m - n e g a t i v e ,  a e r o b i c ,  n o n - s p o r i n g ,  
g l u c o s e - f e r m e n t i n g ,  n o n - l i q u e f y i n g  b a c i l l i  ( e x c l u d i n g  the  
s p e c i f i c  p a t h o g e n i c  o rgan ism s  o f  t h i s  c l a s s )  have b e e n  
i n v e s t i g a t e d .
The q u e s t i o n  o f  the  b i o l o g i c a l  c l a s s i f i c a t i o n  o f  t h e s e  
organisms h as  a l s o  b een  s t u d i e d  f ro m  th e  s e r o l o g i c a l  a s p e c t .
I n  a d d i t i o n  c e r t a i n  o b s e r v a t i o n s  have b e e n  made w i t h  
r e g a r d  t o  v a r i a t i o n s  among the  c o l i f o r m  b a c i l l i  a n d  t h e i r  
b i o l o g i c a l  s i g n i f i c a n c e .
The v a r i o u s  s t r a i n s  were i s o l a t e d  f rom  p a t h o l o g i c a l  
specimens o f  u r i n e ,  f a e c e s ,  a p p e n d ix  a b s c e s s e s ,  e t c .
, 11^
CRITERIA EMPLOYED FOR DIFFER ;TT I AT I ON 
OF TYPES.
In  c l a s s i f y i n g  c o l i f o r m  b a c i l l i  i n t o  p a r t i c u l a r  t y p e s ,  
MacConkey's c r i t e r i a  were f o r  the  most p a r t  a d o p te d  a n d  f o r  
a l l  p r a c t i c a l  p u r p o s e s  p ro v e d  s u f f i c i e n t l y  c o m p le te .
Raff inose  and  s a l i c i n  f e r m e n t a t i o n s  were ,  however, fou hd  to  
y i e ld  f u r t h e r  d i f f e r e n t i a t i o n  and  t h e s e  t e s t s  w e re ,  t h e r e f o r e ,  
inc luded  among the c r i t e r i a  a d o p te d .
C e r t a i n  o t h e r  f e r m e n ta b l e  s u b s t a n c e s  which  have been  
employed by  d i f f e r e n t  w o rk e r s  p ro v ed  of  l i t t l e  o r  no 
d i f f e r e n t i a l  v a l u e  ; t h u s  m a l to se  was fo u n d  to  be f e r m e n t e d  by  
a l l  the l a c t o s e - f e r m e n t i n g  s t r a i n s ;  g l u c o s e - f e r m e n t i r g  , 
n o n - l a c t o s e - f e r m e n t i n g  s t r a i n s ,  however, v a r y  i n  t h e i r  a c t i o n  
on t h i s  s u g a r .  The same was fo u n d  to  be t r u e  f o r  m a n n i t e .  
Laevulose and  g a l a c t o s e  were w i t h  few e x c e p t i o n s  f e r m e n te d  b y  
a l l  the  g l u c o s e - f e r m e n t i n g  s t r a i n s ,  an d  g l y c e r i n  by a l l  the  
l a c t o s e - f e r m e n t e r s .  Of c o u r s e ,  a s  i s  w e l l  known a l l  l a c t o s e  
f e r m e n te r s  a r e  a l s o  g lu c o s e  f e r m e n t e r s .  The b e h a v i o u r  of 
these  b a c i l l i  i n  r a f f i n o s e  i n  th e  m a j o r i t y  o f  c a s e s  c o r r e s p o n d e d  
fp t h e i r  e f f e c t  on s a c c h a r o s e  ( a s  shown a l s o  b y  Winslow and  
Walker);  b u t  a  c e r t a i n  p r o p o r t i o n  e x h i b i t e d  d i f f e r e n c e s  i n
t h e i r  e f f e c t s  on t h e s e  s u g a r s .
The a c t i o n  of th e  l a c t o s e  f e r m e n t e r s  on d e x t r i n e  d i f f e r s
/
from the  f e r m e n t a t i o n  p ro d u c e d  i n  o t h e r  c a r b o h y d r a t e s :  i n  the  
case of  s im p le  pep tone  w a t e r  media  c o n t a i n i n g  d e x t r i n e  and
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n e u t r a l  r e d  ( a s  i n d i c a t o r )  i t  was found  t h a t  a f t e r  24 h o u r s  
i n c u b a t i o n  th e  n e u t r a l  r e d  became of  a  b r i g h t  y e l lo w  c o l o u r  
and t h e r e  was some degree  o f  gas  p r o d u c t i o n ;  t h e  g as  fo rm ed  
was a n a l y s e d  a n d  fo u nd  t o  c o n s i s t  m a in ly  o f  h y d ro g en .  The 
medium r e m a in e d  n e u t r a l .  T h is  e f f e c t  was common to  a l l  the  
l a c t o s e - f e r m e n t i n g  t y p e s  an d  th e  t e s t  a f f o r d e d  no i n f o r m a t i o n  
a s  r e g a r d s  d i f f e r e n t i a t i o n  o f  v a r i o u s  s t r a i n s .
W i th  one e x c e p t i o n  a l l  the  s t r a i n s  t h a t  f e r m e n te d  
i n o s i t e  a l s o  f e r m e n t e d  a d o n i t e .  I n  a l l  c a s e s  t h e  Voges and  
P ro s k a u e r  r e a c t i o n  was o n ly  g iv e n  by  i n o s i t e - f e r m e n t i n g  
s t r a i n s .
I t  was f o u n d  on r e p e a t e d  t e s t i n g  o f  v a r i o u s  s t r a i n s  
t h a t  the  p r e s e n c e  ( o r  a b se n c e )  o f  m o t i l i t y  was a  d e f i n i t e  and  
c o n s t a n t  c h a r a c t e r .
S i m i l a r l y  t h e  p r e s e n c e  (o r  a b se n c e )  o f  i n d o l  i n  p e p to n e  
w ater  c u l t u r e s  ( a f t e r  10 days a t  37° C.)  p r o v e d  to  be a  
s t a b l e  p r o p e r t y  o f  t h e s e  o rg an ism s .
I t  was c o n c lu d e d  t h e r e f o r e  t h a t  o f  the  v a r i o u s  t e s t s  
used by d i f f e r e n t  w o r k e r s ,  the  most com ple te  s e t  o f  c r i t e r i a  
f o r  the  d i f f e r e n t i a t i o n  of  B. c o l i  t y p e s  w e r e : -
(1) p r e s e n c e  o r  a b se n c e  o f  m o t i l i t y ,  (2) p r o d u c t i o n  o f  i n d o l ,
(3) the  Voges a n d  P r o s k a u e r  r e a c t i o n ,  th e  f e r m e n t a t i o n  o f
(4) g l u c o s e ,  (5) l a c t o s e ,  (6) d u l c i t e ,  (7) s a c c h a r o s e ,
(8) a d o n i t e ,  (9)  i n u l i n ,  (10) i n o s i t e ,  (11) r a f f i n o s e ,
(12) s a l i c i n .
.0 .
The m a j o r i t y  o f  the  s t r a i n s  t o  be d e s c r i b e d  were r e t e s t e d  
a f t e r  a b o u t  two or  t h r e e  months an d  a p a r t  f rom  th e  v a r i a t i o n s  
n o te d  (p .  5‘̂ '5'y) t h e i r  c h a r a c t e r s  p r o v e d  m a rk e d ly  s t a b l e .
ÎŒTHODS.
M o t i l i t y ; i n  d e t e r m i n i n g  t h e  p r e s e n c e  o r  a b s e n c e  of  t h i s  
c h a r a c t e r  a  h a n g in g - d r o p  p r e p a r a t i o n  f ro m  a  4 -6  h o u r s  b o u i l l o n  
c u l t u r e ,  o r  th e  ** c o n d e n s a t i o n  ** f l u i d  o f  a  s l o p e d - a g a r  
c u l t u r e  o f  t h e  same a g e ,  was exam ined .  T e s t e d  i n  t h i s  way th e  
p re s e n c e  ( o r  a b s e n c e  o f  m o t i l i t y )  p r o v e d  t o  be  a  d e f i n i t e  
c h a r a c t e r *
L i q u e f a c t i o n  o f  G e l a t i n : t h i s  was t e s t e d  f o r  b y  making s t a b  
i n o c u l a t i o n s  i n  o r d i n a r y  n u t r i e n t  g e l a t i n  and i n c u b a t i n g  t h e  
tu b es  a t  22° C. f o r  two w eeks .
In d o l  p r o d u c t i o n : the  p r e s e n c e  or  a b se n c e  o f  t h i s  p r o p e r t y  was 
d e te rm in e d  by  t e s t i n g  a  t e n  days  p e p to n e  w a t e r  c u l t u r e  o f  th e  
s t r a i n  i n  q u e s t i o n  w i t h  E h r l i c h ' s  r e a g e n t s :  p a r a d i m e t h y l a m i d o -  
ben za ld eh yd e  a n d  p e r s u l p h a t e  o f  p o t a s s i u m ,  a c c o r d i n g  to  t h e  
u su a l  p r o c e d u r e *
Voges and  P r o s k a u e r  r e a c t i o n : f o r  t h i s  t e s t  a  2^ p e p to n e  w a t e r  
s o l u t i o n  c o n t a i n i n g  1^ g l u c o s e  was i n o c u l a t e d ,  and  i n c u b a t e d  
a t  37° C. f o r  3 d a y s ,  when a  s o l u t i o n  o f  p o t a s s i u m  h y d r a t e  
was added  a n d  th e  tu b e  a l l o w e d  to  s t a n d  a t  room t e m p e r a t u r e  
f o r  s e v e r a l  h o u r s .  A p o s i t i v e  r e a c t i o n  was i n d i c a t e d  by  th e  
development o f  a r e d  f l u o r e s c e n c e *
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f e r m e n t a t i o n  T e s t s : the  b a s i s  of  the  medium u s e d  f o r  t e s t i n g  
sugar  f e r m e n t a t i o n s  was a  Z% p e p to n e  s o l u t i o n  w i t h  0 . 5 ^  sod ium  
c h l o r i d e .  To a v o i d  th e  p o s s i b l e  d e c o m p o s i t i o n  o f  th e  s u g a r  i n  
the  medium b y  o v e r h e a t i n g  i n  th e  p r o c e s s  o f  s t e r i l i z a t i o n ,  th e  
d i f f e r e n t  f e r m e n t a b l e  s u b s t a n c e s  were a d d ed  to  th e  a l r e a d y  
s t e r i l i z e d  medium i n  the  fo rm  o f  s t e r i l e  w a t e r y  s o l u t i o n s .  î n e  
p r o p o r t i o n  o f  s u g a r  i n  th e  medium was 1%* n e u t r a l  r e d  
(0 .2 5 ^  o f  a  1% w a t e r y  s o l u t i o n )  was a d d e d  a s  an i n d i c a t o r  o f  
a c i d  p r o d u c t i o n .  The medium was d i s t r i b u t e d  i n  Durham^s t u b e s  
( f o r  the  o b s e r v a t i o n  of  g a s  p r o d u c t i o n )  and  p l a c e d  a t  100^ C. 
in  the  K o c h ' s  s t e r i l i z e r  f o r  10 m in u te s  on two s u c c e s s i v e  da y s .  
This  s h o r t  f i n a l  s t e r i l i z a t i o n  w h i l e  n o t  a c t i n g  , d e l e t e r i o u s l y  
on the  s u g a r  was s u f f i c i e n t  t o  e n s u r e  c o m p le te  s t e r i l i t y .
I  have o b s e r v e d  t h a t  f o r  t h e  p r o p e r  a p p r e c i a t i o n  o f  ga s  
p r o d u c t i o n ,  f l u i d  media  must be u s e d ,  a s  shake  o r  s t a b  
c u l t u r e s  i n  s o l i d  a g a r  media  a r e  open to  f a l l a c y .  W i t h  c e r t a i n  
specimens o f  p e p t o n e - w a t e r - a g a r  ( w i t h o u t  meat e x t r a c t ) ,  i t  was 
found t h a t  g a s  p r o d u c t i o n  m igh t  r e s u l t  on i n o c u l a t i o n  w i t h  
B. c o l i ,  i . e . ,  even  i n  th e  a b s e n c e  of  s u g a r ,  and  t h i s  was 
e s p e c i a l l y  marked i f  th e  a g a r  was n o t  f r e s h l y  p r e p a r e d .
Thus, a  shake  c u l t u r e  o f  B. c o l i  communis made i n  p e p to n e  
water  a g a r  im m e d ia t e l y  a f t e r  p r e p a r a t i o n  showed no g a s  
p r o d u c t io n  i n  th e  medium; the  same medium a  week l a t e r  was 
a ga in  i n o c u l a t e d  a n d  on t h i s  o c c a s i o n  a  c o n s i d e r a b l e  number o f  
gas b u b b l e s  a p p e a r e d  i n  the  medium a f t e r  24 h o u r s  i n c u b a t i o n ;
1 F
a f o r t n i g h t  l a t e r  i n o c u l a t i o n  r e s u l t e d  i n  an a b u n d a n t
p r o d u c t i o n  o f  gas  t h r o u g h o u t  the  medium. Ko a c i d  f o r m a t i o n
was however n o t e d .
•L i tm us  has been  f r e q u e n t l y  u se d  a s  an i n d i c a t o r  o f  a c i d  
f o r m a t io n ,  b u t  w i t h  t h i s  a g e n t ,  e s p e c i a l l y  when i n c o r p o r a t e d  
in  n u t r i e n t  medium, d i f f i c u l t i e s  have f r e q u e n t l y  a r i s e n  owing 
to the  many I n t e r m e d i a t e  d e g r e e s  o f  c o l o u r  b e tw ee n  u n e q u iv o c a l  
a l k a l i n i t y  on t h e  one hand and  u n d o u b te d  a c i . i i t y  on th e  o t h e r . 
I t  has th e  f u r t h e r  d i s a d v a n t a g e ,  a s  I  have n o t e d ,  o f  b e i n g  
d e c o l o r i z e d  r a p i d l y  by  many o rg a n i s m s  of  the  c o l i  g ro u p .  In  
my own e x p e r i e n c e  n e u t r a l  r e d  i s  a  more v a l u a b l e  i n d i c a t o r  a s
i t  i s  n o t  s u b j e c t  to  t h e s e  d i s a d v a n t a g e s .
SYSTEM OF CLASSIFICATION AKD 
DESIGNATION ADOPTED.
Among th e  c o l i f o r m  b a c i l l i  s t u d i e d ,  i t  seemed p o s s i b l e  
to c l a s s i f y  i n t o  s e p a r a t e  s u b - g r o u p s  t y p e s  o f  o rg an ism s  .hav ing  
wel l  d e f i n e d  common c h a r a c t e r s .
Thus th e  d i f f e r e n t  t y p e s  w h ic h  were . c h a r a c t e r i z e d  by  the  
absence  of  g a s  p r o d u c t i o n  i n  th e  c ase  of  a l l  th e  s u g a r s  
f e rm e n te d  even  a f t e r  r e p e a t e d  s u b c u l t u r e  ( c o l i  a n a e r o g e n e s )  
were c l a s s i f i e d  i n  a  s e p a r a t e  s u b - g r o u p .  S e r o l o g i c a l
16.
i n v e s t i g a t i o n s  (v .  i n f r a )  i n  w h ich  the  g roup  a c t i o n  o f  the  
complement - d e v i a t i n g  a n t i b o d y  of iimnune s e r a  to  c e r t a i n  more 
t y p i c a l  B. c o l i  v a r i e t i e s  showed t h a t  the  c o l i  a n a e r o g e n e s  
o rgan ism s were n o t  c l o s e l y  r e l a t e d  to  th e  g as  p r o d u c i n g  
types  of  B. c o l i .
I t  was a l s o  n o t e d  t h a t  c e r t a i n  t y p e s  o f  c o l i f o r m  
b a c i l l i  w h ic h  p r o d u c e d  on c u l t u r e  medium u n u s u a l l y  l a r g e ,  
t h i c k ,  opaque ,  s l im y  and som etim es  ** v i s c i d  " c o l o n i e s  were 
a l l  c h a r a c t e r i z e d  by p o s s e s s i n g  th e  power of  f e r m e n t i n g  
i n o s i t e ,  w h i l e  the  u s u a l  B. c o l i  v a r i e t i e s  had n o t  t h i s  
p r o p e r t y .  These  o rg an ism s  w ere ,  t h e r e f o r e , ,  g ro u p e d  t o g e t h e r  
and c l a s s i f i e d  a p a r t  f rom  th e  more t y p i c a l  c o l i f o r m  b a c i l l i .  
A l l  t h e s e  v a r i e t i e s  p r o v e d  to  be n o n - m o t i l e ,  a l l  f e r m e n t e d  
l a c t o s e ,  s a c c h a r o s e ,  r a f f i n o s e  a n d  s a l i c i n ,  and  w i t h  one 
e x c e p t i o n  a d o n i t e ;  i n  t h i s  s u b - g r o u p ,  t h e r e f o r e ,  s e v e r a l  
c h a r a c t e r s  were d e f i n i t e l y  c o r r e l a t e d .  The s e p a r a t i o n  of  
th ese  o rg an ism s  f rom  the  t y p i c a l  c o l i f o r m  b a c i l l i  was a l s o  
found to  be j u s t i f i e d  by s e r o l o g i c a l  t e s t s  a s  i n  th e  c a s e  o f  
the* a n a e r o g e n e s  s u b - g r o u p .
I t  was f u r t h e r  c o n c lu d e d  f rom  th e  s e r o l o g i c a l  s t u d i e s  
r e f e r r e d  t o  above and d e a l t  w i t h  i n  d e t a i l  l a t e r  t h a t  a  s u b ­
group c o m p r i s i n g  a l l  the  ” t y p i c a l  B. c o i i  ” c o u l d  be 
r e c o g n i s e d  w h o s e  common c h a r a c t e r s  w e re :  g a s - p r o d u c i n g ,  
i n d o l - f o r m i n g ,  n o n - i n o s i t e - f e r m e n t i n g .
A f t e r  d e f i n i n g  t h e s e  t h r e e  s u b - g r o u p s ,  t h e r e  s t i l l  
rem ained  the  o rg an ism s  h a v in g  the  common c h a r a c t e r s :  
g a s - p r o d u c i n g ,  n o n - i n o s i t e - f e r m e n t i n g ,  n o n - i n d o l - f o r m i n g .  
S e r o l o g i c a l  o b s e r v a t i o n s  showed t h a t  t h i s  c a t e g o r y  did  # o t  
r e p r e s e n t  a  s e r o l o g i c a l l y  homogeneous s u b - g r o u p ,  b u t  f o r  . 
p u rp o s e s  of  a  p r e l i m i n a r y  c l a s s i f i c a t i o n  I  have g ro u p ed  a l l  
the o rgan ism s  o f  th e  c a t e g o r y  t o g e t h e r .
Thus,  f o u r  main s u b - g r o u p s  of '  the  g r a m - n e g a t i v e ,  g lu c o s e -  
f e r m e n t in g ,  n o n - g e l a t i n - l i q u e f y i n g ,  i n t e s t i n a l  b a c i l l i  may be 
r e c o g n i s e d  and  t h i s  sy s te m  o f  c l a s s i f i c a t i o n  has  been  u s e d  i n  
the f o l l o w i n g  r e c o r d s .  I n  a d d i t i o n ,  the  v a r i o u s  t y p e s  
b e lo n g in g  to  t h e s e  s u b - g r o u p s  have been  d e s i g n a t e d  n u m e r i c a l l y  
( i . e . ,  1, 2, .'5, 4, e t c . )  in  o r d e r  o f  t h e i r  p r e v a l e n c e  i n  th e  
s e r i e s  i n v e s t i g a t e d .  I n  th e  B c a t e g o r y  th e  l a c t o s e - f e r m e n t e r s  
have been  d i s t i n g u i s h e d  from th e  n o n - l a c  t o s e - f e r m e n t e r s  by a  
d i f f e r e n t  s e r i e s  o f  n u m b e r s , !  to  11 and  101 to  107. The 
l a t t e r  c l a s s  i n c l u d e s  c e r t a i n  ” p a r a c o l o n  ” t y p e s  w h ich  in  
the s e r o l o g i c a l  t e s t s  a p p e a r e d  t o  be d i f f e r e n t i a t e d  f rom 
organisms f e r m e n t i n g  l a c t o s e  i n  p r i m a r y  c u l t u r e .
246 S t r a i n s  from u r i n e  ( p a t h o l o g i c a l  s p e c i m e n s ) , f a e c e s  
and o t h e r  s o u r c e s  have been  c a r e f u l l y  s t u d i e d  and  c l a s s i f i e d  
in  t h i s  way ( t a b l e s  2, 3, 4, 5) . In  t a b l e  6, f o r  c o m p a r iso n ,  
those s t r a i n s  w h ich  c o r r e s p o n d  t o  MacConkey 's  t y p e s  a r e  
c l a s s i f i e d  a c c o r d i n g  to  h i s  sy s tem .
J.. Ix'uu l a v ^ ) .
Type 
{Mac Gonkey ’ s
M umber 
of m o t i l i t y Lac  t  use L u i c i t e Sac char* use A a o n i t e i n u l i n I n o s i t e I n d o l
Voges an d  
P r o s k a u e r Gelac  inG x a s s i f i c a t i o n )
Mo.l  .
S t r a  in s  
9 4- + 4- 4-
R e a c t i o n
B. a c i d i  l a c t i c !  (Huppe) 
Mo.2 ; X — + — + -  ^ 4* _
£ .  G r u n t h a l ,M o .4 8 4- + — — — —■ ' 1 4- -
£ .  v e s i c u l o s u S p M o .b 55 — + — — •— — 4- —
Mo. 7 1 H- 4- —— — —— ■ —— —
B. c o l i  m u ta b i l l s ,
( A L s s i n i ) ;  Mu.8 0 +
Mo. 53 - + 4- 4“ — 4“ 4- — ■ ' —
B. c o l i  communis ,Mo.54 57 + 4- 4- — ■ — — --- 4- —— —
B. S c h a f f e r i , M o . 35 
Mo.67
11 4- 4- — — 4-
1 - — 4” 4- 4“ 4- 4" 4- —
Mo.71 42 4- 4- -h 4- — 4" —
B. n e a p o l i t a n u s , M o . 72 
Mo. 74
15 — 4- 4- t — -, —— — 4 " —
1 -h + 4- 4- — — — ■ — — ——
Mo. 75 - -- 4- 4- 4- — — 4- — 4- —
Mo.99 - *— 4- — 4- 4 4- 4~ — — —
Mo.lOi 1 — 4- — 4“ 4- — 4- 4 * — —
B. l a c t i s  a e r o g e n e S ) M o . l  
Mo.106
05 8 4“ — 4- 4- — 4- -H —
2 4- 4- — 4" —— — — 4- ——
B. c o sc o ro b a p M o . lO ? 1 — 4- — . 4- —— — — 4- — ——
In t h is  and ) -f- 
suosequent ) .
ta b le s  )
a c id  and g a s, l iq u e fa c t io n  o i g e la t in ,  m o t i le , indux proauction  as the case may be ; 
a c id  w ithout gas; — » no a c id  or gas prod uction , e t c .
TABLE i .
S u b -g ro u p  A: Gas p r o d u c i n g i n d e x  1 orming M o n - i n o s i t e - f e r m e n t i n g
Type M o t i iT Glu- L a c - L u l - S a c c h ­ Adon­ I n u ­ R a f f ­ S a l i ­ P r o s k a u e r Man- M al- Faeces U r in e A p p e n d ix O t h e r  T o t a l
i t y c ose t&se c i  t e a r o s e i t e l i n i n o s e c i n r e a c t i o n n i t e t  ose A b s c e s s e s S o u r c e s
1. îlcConkey Mo.71 + -|- t H- - h
— — 4 + — 10 15 3 28
2. B. c o l i  cominunis ~h — — — — + — 14 5 1 1 (B lo o d  21
+ - h
c u l t u r e )
3 . B, v e s i c u i o s u s — A ,5 4 13
4. E. G r ü n t h a i - h — — — — — 4- — 4 6 2 12
5. E. S c h a f f e r i + f — — — — 4- — 4 6 1 11
6. E, n e a p o l i t a n u s — - h -h 4- — — + — 2 3 l (  P u e r  pe r -  6
•
+ - h
a l  F e v e r )
7. B, S c h a f f e r i  t y p e — + — —— — — — — ■ 1 . 3 2 . 6
8. McC. L o .71  t y p e f -I* - t - h + — — 4 — ■y 2 : ■ - Æ 1 l ( C o n J u n e -  5
Me donkey 106 +
t i v i t l s )
9 . + - h — H- — — 4 1 4 5
10. N e a p o l i t a n u s  t y p e f + - h -1- — 4 — 1 2 1 4
11. McConkey Mo.l - h - h — — — — — 4 4
12. — "1* — -h — — — — — — 4 4 ' . 4 413. B. c o s c o r o b a — -f- — 4 — — 4 4- -r- 2 1 3
14. B. v e s i c u i o s u s
t y p e — - f- + --- — — — — ■(■ 2 1 3
15. + - h - h + 4 — 4 t — 1 1 l ( 0 t i t i s l  3
16. E. c o l i  comm, t y p e - h i ~ -h — — — 4 -t- —— 1 2 3
17. E. c o i i  coHim. t y p e -h - t - t + — — — — — 1 2 3
18. E. S c h a f f e r i  t y p e — - t - t + — — — 4 4- —
4-
1 1 2
19. — + -h f — — 4 — — 4 1 1 2
20. E. McC. 106 t y p e 4 + + — -h — — — 4 - — 1 1 2
21. N e a p o l i t a n u s  t y p e — - h - h — — — -1- — 1 1 2
22. McC. Nw.71 t y p e -|- + ■h -h + — — — + — l ( C o n j u n c -  1
4-
t i v i t i s )
23. B. v e s i c u i o s u s —— f — — — — — - — 1 ■■T ... . 1
t y p e
+24. B. c o l i  comm, t y p e ~h -1- — — — -1- — ' ‘i , 1
25. E. G r ü n t h a i  t y p e i - - h + — — — — 4 - — : 1 1
26. B. G r ü n t h a i  t y p e -(- -h — — — — — — — \ 1 1
27. McC. N o . l  t y p e - h -h — —— + — — --- — ' i 1
26. B. a c i d i  l a c t i c i H- -h — — 4- — —— --- — '-BIT 1
29. + - t -h — — — — --- 4 , + 1 1
30. 4- - h + + + ± 4- 4- 1 1
31, McConkey N o .33 ' h + -h — — — 4- — 1 132. - t -h + 4 - h -h — • 1 1
33. — — — 1 1
34. — -h — — -t- -- — - h —— 4 4- 1 1
35. — — -t- -- — -- 4- — -f- 4- - 1 1
36. -h 1 1
T o t a l 68 66 18 5 157
TABLE 3 ,
E u b - g r u u p  E Gas p r o d u c i n g n u n - i n a o i * 1 orm ing n o n - i n o s i t e . f e r m e n t i n g N o n - l i q u e f y i n g
M o t i l ­
i t y
l e  Ee McConkey N o .74 -{-
2e
3 .











101% B. p a r a c o l o n  ty p e  
102.






Glu— LaC - 
c o se  t o s e
B u i -  Sacch.- 
c i t e  a r o s e
Adon- I n u -  R a f f -  S a l i -  P r o s k a u e r  Man- M a l-  
i t e  l i n  i n o s e  c i n  r e a c t i o n  n i t e  t o s e

































F a e c e s  U r in e  A ppend ix  O t h e r
A b s c e s s e s  S o u r c e s
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S u b -g ro u p  C: 
Type
TABLE 4 .
Gas p r o d u c i n g  -  I n o s i t e - f e r m e n t i n g  - N o n - l i q u e f y i n g  
Moti l -  Glu-  L a c -  B u i -  S a c c h -  Adon- i n u -  R a f f -  S a r i -  P r o s k a u e r  I n d o l
T o t a l
i t y c o s e t o s e c i t e a r o s e 1 te l i n i n v s e c i n r e a c t i o n
1. B. MacGonkey No.ô7 — H- 4 4 "h 4 — 4 4 4 —— 3 2
2% — 4 4 4 4 4 4 4 4 -f. 3
3. — 4 4 4 4 4 4 4 — 4 3
4, — 4 4 4 4 — 4 4 — 4 3
5. B% l a c t i s  a e r o g e n e s — 4 4 — 4 — 4 -j- 4 — 2
6 .  B. Mac Gonkey N o .99 — 4 4 — 4 + 4 4 — — 1
7. — 4 4 — . 4 + 4 4 1 1
8 . » — 4 4 4 4 — 4 4 4 4 1
9o B. MacConkey N o.101 — 4 4 — 4 — 4 4 4 1 1
10. — 4 4 — 4 — 4 4 — ' - ' — 1
11* B. MacGonkey N o.75 — 4 4 4 4 — . — 4 4 4 — 1
A b s c e s s e s
O t h e r
S o u r c e s
20
ifskia














V , . .  '
■group B: N on-gas - p r o d u c i n g i n  a l l  s u g a r s  f e r m e n t e d N o n - l i q u e f y i n g
'ype M o t i l ­
i t y
G lu­
c o s e
L a c -  
t  ose
I )u i -  
c i t e
S a c c h ­
a r o s e
Adon
i t e
-  i n u -  I n o -  R a f f -  S a l i -  
i i n  s i t e  i n o s e  c i n
P r o s k a u e r
r e a c t i o n
I n d o l Man- 
n i  t e
Mai — 
t o s e
F a e c e s
:
U r i n e  O th e r
S o u r c e s




X X X 4 X X
'
2 l ( s k i n




3 . • -j- X X — X — — — 4 X X 1 1
4 . — X X — X — -— — — 4 X ‘ X 1 1
5 . 4 X X X X — — — 4 X X 1 1
6. . . — X X X X — — — — X X 1. 1
7 . — X — X — — — — - f X X . 1 , -I
8 . — X — — X X — — — x L ■ — X X 1
W .  -






Appendix  O ther
MacConkey 's  t y p e s F a e c e s U r in e A b s c e s s e s S o u rc e s T o t a l
No.l 4 1 5
No,2 B, a c i d i  l a c t i c i 1 1
No,4 B, G r ü n th a i 5 7 2 14
No,5 B. v e s i c u i o s u s 5 7 5 17
No.7 1 ' 1
No.8 2 1 1 4
No,33 1 1
No,34 B. c o l i  communis 17 9 V? 1 1 28
No,35 B. S c h a f f e r ! 6 10 3 19
No, 67 3 2 5
No.71 12 16 4 2 34
No.72 4 6 1 1 12
No,74 4 8 1 13
No,75 1 • 1
No,99 1 .  1 \ 2
N o a O l 1 1 - 2
No,103 B. l a c t i s  
a e r o g e n e s 2 - 1 3
No,106 2 5 7
No.107 B, c o s c o r o b a 2 1 3
T o t a l  172
Note:  o f  246 s t r a i n s  172 c o r r e s p o n d e d  
t o  t y p e s  d e s c r i b e d  by. MacConkey
16
Types of  c o l i f o r m  b a c i l l i  f o u n d  i n  py o g e n ic  i n f e c t i o n  of  
tb s  u r i n a r y  sy s te m .
As shown by MacConkey, c e r t a i n  c o l i f o r m  t y p e s  t e n d  t o  be 
more p r e v a l e n t  than  o t h e r s  i n  human an d  an im a l  f a e c e s ;  t h u s  
the type d e s i g n a t e d  by  him No. 71 i s  o f  commonest o c c u r r e n c e .  
As i s  w e l l  known g r a m - n e g a t iv e  b a c i l l i  a r e  th e  most f r e q u e n t  
c a u s a t i v e  a g e n t s  i n  p y o g e n ic  i n f e c t i o n s  of  th e  u r i n a r y  t r a c t  
and  a r e  fo u n d  e i t h e r  a lo n e  or a s s o c i a t e d  w i t h  th e  p y o g e n ic  
c o c c i .  I n  o r d e r  to  a s c e r t a i n  what t y p e s  were c h a r a c t e r i s t i c  
of t h e s e  p a t h o l o g i c a l  c o n d i t i o n s  a  number o f  c o l i f o r m  b a c i l l i  
i s o l a t e d  from u r i n a r y  c a s e s  were c a r e f u l l y  i n v e s t i g a t e d .
The sp e c im ens  o f  u r i n e  were from c a s e s  o f  c y s t i t i s  and  
p y e l i t i s .  The sam ples  were c e n t r i f u g a l i z e d  i n  s t e r i l e  t u b e s  
and from th e  s e d im e n t ,  p l a t e s  o f  E n d o - a g a r  or  MacConkey 's  
b i l e - s a l t - n e u t r a l - r e d - l a c t o s e - a g a r  were i n o c u l a t e d  by 
s u c c e s s i v e  s t r o k e s  of  the  p l a t i n u m  l o o p .  S e p a r a t e  c o l o n i e s  
were t h u s  o b t a i n e d ,  a n d  to  e n s u r e  the  p u r i t y  of th e  u l t i m a t e  
c u l t u r e  i n v e s t i g a t e d ,  f u r t h e r  s u c c e s s i v e  s t r o k e s  were 
g e n e r a l l y  made ( f rom  s i n g l e  c o l o n i e s )  on a n o t h e r  p l a t e  and  
the f i n a l  c u l t u r e  made from a s i n g l e  c o lo n y  on th e  seco n d  
p l a t e .  I n  some c a s e s  a g a r  s lo p e  c u l t u r e s  were made f rom  
s i n g l e  c o l o n i e s  on the  p r i m a r y  p l a t e ;  t h i s  c u l t u r e  was t h e n  
r e p l a t e d  and  the  f i n a l  c u l t u r e  o b t a i n e d  by s u b i n o c u l a t i n g  a  
s i n g l e  c o lo n y .
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107 s t r a i n s  o f  c o l i f o r m  b a c i l l i  f rom  90 c a s e s  of  u r i n a r y  
s e p s i s  were  exam in ed .  In  t h e  m a j o r i t y  o f  i n s t a n c e s ,  p u re  
c u l t u r e s  o f  i n d i v i d u a l  t y p e s  were i s o l a t e d .  I t  m ig h t  be 
e x p e c t e d  i n  d e a l i n g  w i t h  a  b a c t e r i a l  g roup  s u c h  a s  B. c o l i  
t h a t  s e p a r a t e  c o l o n i e s  s i m i l a r  i n  a p p e a ra n c e  m ig h t  on 
e x a m in a t io n  p ro v e  to  b e lo n g  to  d i f f e r e n t  t y p e s .  I  have on 
s e v e r a l  o c c a s i o n s  s e l e c t e d  two o r  t h r e e  s i m i l a r ,  c o l o n i e s  a t  
random f rom  th e  same p l a t e  a n d  fo u n d  on e x a m in a t io n  t h a t  t h e y  
r e p r e s e n t e d  the  same c u l t u r a l  t y p e .  Not i n f r e q u e n t l y , 
however, mixed c u l t u r e s  a r e  met w i t h  b u t  i t  i s  r e m a r k a b le  
t h a t  i n  s u c h  i n s t a n c e s  one n o t i c e s  some d i f f e r e n c e  in  the 
c o l o n i e s ,  e . g . ,  d i f f e r e n c e  i n  s i z e ,  t h i c k n e s s ,  d e p t h  o f  
c o lo u r  on Endo or  MacConkey’ s a g a r ,  or  com ple te  a b s e n c e  of  
p in k  c o l o r a t i o n .  Of c o u r s e ,  n o n - l a c t o s e - f e r m e n t e r s  p ro d u ce  
” p a l e  ** c o l o n i e s  on t h e s e  d i f f e r e n t i a l  m edia ,  b u t  in  p r i m a r y  
c u l t u r e  t h e  a b sen c e  of  r e d  c o l o r a t i o n  i s  no p r o o f  th a t -  the  
organ ism  i s  a  n o n - l a c t o s e  f e r m e n t e r .  The f a c t  t h a t  mixed . 
c u l t u r e s  o f  d i f f e r e n t  c o l i f o r m  s p e c i e s  may occu r  i n  u r i n a r y  
s e p s i s  i s  o f  s p e c i a l  a n d  o b v io u s  i n t e r e s t  a s  r e g a r d s  the  
p r e p a r a t i o n  o f  a u to g e n o u s  v a c c i n e s .
As i n  th e  case  o f  f a e c a l  s t r a i n s  t h e r e  i s  a  d i s t i n c t  
t endency  to w a rd s  th e  p r e v a l e n c e  o f  c e r t a i n  t y p e s  i n  u r i n a r y  
c o n d i t i o n s  and  tine commonest i n t e s t i n a l  s p e c i e s  a r e  a l s o  the  
most f r e q u e n t  t y p e s  met w i t h  i n  p a t h o l o g i c a l  u r i n e s .
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Type 1, Sub-group  A, c o r r e s p o n d s  to  B. MacConkey No, 71 
and i s  th e  commonest c o l i f o r m  s p e c i e s  met w i t h  (v .  t a b l e s  1,
2, 6 ) ,  I t  p r o v e d  th e  most f r e q u e n t  ty pe  (15 s t r a i n s )  i n  
u r i n a r y  s e p s i s .  The o t h e r  p r e v a l e n t  v a r i e t i e s  were t y p e s  A2 
(B, c o l i  communis), A3 (B. v e s i c u i o s u s ) ,  A4 (B. G r u n t h a l ) ,
A5 (B, S c h a f f e r i ) , B1 (B. MacConkey No, 7 4 ) .
Of th e  107 s t r a i n s
66 b e lo n g e d  to  t h e  su b -g ro u p  A 
28 « M « B
5 " " " C
8 " " * D.
Thus th e  m a j o r i t y  a r e  r e f e r a b l e  t o  t h e  A s u b - g r o u p  w h ic h  
c o m p r i se s  a l l  th e  ** t y p i c a l  ** B. c o l i  v a r i e t i e s .  S t r a i n s  o f  
n o n - l a c t o s e - f e r m e n t e r s  were a l s o  i s o l a t e d ,  A19, A34, A35 and  
A36; t h o s e  o f  t y p e s  19,  34 and  35, however, d e v e lo p e d  
l a c t o s e - f e r m e n t i n g  v a r i a n t s  i n  l a c t o s e  medium ( v . p . f 6 " * ^ ) ,  -
Type A36 c o r r e s p o n d e d  i n  c u l t u r a l  r e a c t i o n s  t o  
B, Morgan No, 1; i t  was i s o l a t e d  i n  p u re  c u l t u r e  f ro m  a  c a s e  
of  p y e l i t i s  an d  c y s t i t i s .
I n  s u b -g ro u p  B, ty p e  1 was o f  commonest o c c u r r e n c e  
c o r r e s p o n d i n g  t o  MacConkey 's  ty p e  No. 74. The r e l a t i v e  
p r e v a l e n c e  of  o t h e r  v a r i e t i e s  i s  shown i n  t a b l e  3 ,  Among th e  
o rgan ism s  o f  s u b -g ro u p  B c e r t a i n  n o n - l a c t o s e - f e r m e n t e r s  a r e  
a l s o  r e p r e s e n t e d  i n c l u d i n g  7 s t r a i n s  o f  " p a r a c o l o n  ** t y p e s ,  
B-101 and  B 103 ,
P a t r i c k  r e p o r t e d  o rg an ism s  of  t h e s e  t y p e s  i n  c a s e s  o f  
■ b a c i l l u r i a  o c c u r r i n g  i n  t h e  c o u r s e  o f  t y p h o i d  f e v e r .  They were 
p r e s e n t  i n  such  l a r g e  numbers a s  t o  r e n d e r  t h e  u r i n e  t u r b i d .
I n  p r i m a r y  c u l t u r e  t h e y  d i d  n o t  e x h i b i t  any gas  p r o d u c t i o n  and,  
t h e r e f o r e ,  s i m u l a t e d  B. ty p h o s u s  i n  c u l t u r a l  r e a c t i o n s .  I had  
th e  o p p o r t u n i t y  o f  e x am in ing  h i s  s t r a i n s  and  found  them t o  be 
t y p i c a l  ” p a r a c o l o n  ” b a c i l l i  w i t h  t h e  r e a c t i o n s  shown 
(B 101 and 103) and  s i m i l a r  t o  s t r a i n s  I  had  i s o l a t e d  from 
c a s e s  o f  u r i n a r y  s e p s i s .
C e r t a i n  n o n - l a c t o s e - f e r m e n t e r s  o f  th e  B s u b - g r o u p  were 
a l s o  n o t e d  which d e v e lo p e d  l a c t o s e - f e r m e n t i n g  v a r i a n t s  
s p o n t a n e o u s l y  i n  l a c t o s e  m ed ia  (B 106 and 107) ( v . p .  5 6 - 5 7 ) ,
5 i n o s i t e - f e r m e n t e r s  ( s u b - g r o u p  C) were  a l s o  i s o l a t e d  
from u r i n e  an d  8 s t r a i n s  r e f e r a b l e  t o  su b -g ro u p  D. 4 o f  t h e  
l a t t e r  were n o n - l a c t o s e - f e r m e n t e r s ;  2  o f  t h e s e  f e r m e n t e d  o n ly  
g lu c o s e  and ,  b e i n g  n o n - m o t i l e ,  w ere ,  t h e r e f o r e ,  s i m i l a r  i n  
c u l t u r a l  r e a c t i o n s  t o  B, d y s e n t e r i a e  S h ig a .  They were n o t ,  
however,  a g g l u t i n a t e d  by a n  a n t i - S h i g a  serum. One o f  t h e s e  
s t r a i n s  d e v e lo p e d  a  l a c t o s e  f e r m e n t i n g  v a r i a n t .  The 
c h a r a c t e r s  o f  t h e s e  s t r a i n s  a r e  shown on t a b l e  5 .
Among t h e  g r a m - n e g a t i v e  b a c i l l i  found  i n  t h e s e  c a s e s  o f  u r i n a r y  
s e p s i s ,  B, p r o t e u s  ( U r o b a c i l l u s  l i q u e f a c i e n s  s e p t i ü u s  F r o g i u s )  
was no t  i n f r e q u e n t l y  n o t e d , u s u a l l y  a s s o c i a t e d  w i t h  B. c o l i  or 
pyogen ic  c o c c i ;  g r a m - n e g a t i v e  b a c i l l i  c h a r a c t e r i z e d  by a b se n c e  
of c a r b o h y d r a t e  f e r m e n t a t i o n  have  a l s o  b e e n  n o t e d  b o t h  i n  
mixed and p u re  c u l t u r e :  4 s t r a i n s  o f  t h i s  t y p e  were i s o l a t e d ;
2 were m o t i l e  ( c o r r e s p o n d i n g  t o  t h e  t y p i c a l  B. f a e c a l i s  
a l k a l i g e n e s )  and  2  n o n - m o t i l e .
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Types i s o l a t e d  from f a e c e s ,  a p p e n d ix  a b s c e s s e s  and o t h e r  
s o u r c e s .
I l l  S t r a i n s  f rom  spec im ens  of  f a e c e s  were  a n a l y s e d  i n  
the  same way; t h e s e  were d e r i v e d  p a r t l y  f ro m  norm al  sp e c im en s  , 
and  a l s o  sp ec im en s  s u b m i t t e d  f o r  b a c t e r i o l o g i c a l  e x a m in a t io n ,  
e . g . ,  f o r  d e t e c t i o n  of  B. t y p h o s u s .  T h e i r  g r o u p i n g  was a s  
f o l l o w s : -
Sub-group  A -  68
** B -  22
" C -  20
" D - 1.
As i n  the  c ase  o f  th e  u r i n a r y  s t r a i n s  most b e lo n g e d  to  th e  
sub -g rou p  A; o n ly  one a n a e r o g e n e s  type  was n o t e d  (D 3 ) .
The m a j o r i t y  of  the  s t r a i n s  c l a s s i f i e d  i n  t h i s  s e r i e s  
were i s o l a t e d  f rom  p l a t e s  made d i r e c t l y  f rom  f a e c e s ,  b u t  4 o f  
su b -g roup  B a n d  10 o f  C .were o b t a i n e d  f rom  c u l t u r e s  in  
b r i l l i a n t  g r e e n  p e p to n e  w a te r  employed f o r  the e n r i c l im e n t  o f  
B. ty p h o su s  (Browning, Gilmour an d  M a c k i e ) . As i n d i c a t e d  l a t e r  
i t  was fou n d  t h a t  t y p e s  of  B and C s u b - g r o u p s  were more 
r e s i s t a n t  t o  b r i l l i a n t  g re e n  th a n  the  A t y p e s ;  hence the  
r e l a t i v e l y  l a r g e  p r o p o r t i o n  of  C t y p e s  i n  the  s e r i e s .
Among t h e s e  s t r a i n s  were 4 n o n - l a c t o s e - f e r m e n t e r s  of  the  
A 12 type  and  1 o f  th e  A 29 t y p e ;  t h e s e  two v a r i e t i e s  d i f f e r  
from one a n o t h e r  i n  m o t i l i t y .  1 n o n - l a c t o s e - f e r m e n t e r  o f  the
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A 19 type  was a l s o  i s o l a t e d .  T h i s  s t r a i n  l i k e  th e  s i m i l a r  type  
found i n  u r i n e  d e v e lo p e d  a  l a c t o s e - f e r m e n t i n g  v a r i a n t  (p* .
5 n o n - l a c t o s e  f e r m e n t e r s  d f  t h e  B 102 type  were i s o l a t e d  
from f a e c e s ,  h u t  a l l  of.  t h e s e  d e v e lo p e d  l a c t o s e  f e r m e n t i n g  
m u ta n t s .  The o t h e r  n o n - l a c t o s e  f e r m e n t e r s  n o t e d  were  B 101 
(2 s t r a i n s ) ,  B 103 (2  s t r a i n s ) ,  B 104 (2 s t r a i n s ) ,  a n d  B 105.
S in g le  s t r a i n s  o f  the  B 103 an d  B 105 t y p e s  d e v e lo p e d
l a c t o s e - f e r m e n t i n g  v a r i a n t s  (v .p*  5*6• *
20 S t r a i n s  f ro m  a p p e n d i x  a b s c e s s e s  were a l s o  i n v e s t i g a t e d ;  
t h e s e  were g ro u p e d  a s  f o l l o w s : -
S u b -g ro u p  A - 18,  o f  w h ich  th e  A 3 a n d  A 1 t y p e s  were
most p r e v a l e n t .
A l l  were l a c t o s e  f e r m e n t e r s  (v .  t a b l e  2 ) .
Su b -g ro up  B -  1
Su b -g ro up  C -  1 .
A few s t r a i n s  f rom  o t h e r  s o u r c e s  were  exam ined :  2 f rom  
c a s e s  o f  c o n j u n c t i v i t i s  b o t h  b e l o n g i n g  t o  t h e  A s u b - g r o u p ,  1 
from a  s u p p u r a t i v e  o t i t i s  (A 1 5 ) ,  1 f rom  a  c a s e  o f  p u e p e r a l  
s e p s i s  (A 6 ) ,  2 f ro m  sk in  u l c e r s  (C 5 and  D 1 ) ,  1 f rom  a  c a se  
of  c h o l e c y s t i t i s  (B 1 ) ,  1 f ro m  b l o o d  c u l t u r e  a f t e r  an  a b d o m in a l  
o p e r a t i o n  (A 2) .
The t o t a l  number o f  s t r a i n s  exam ined  f ro m  d i f f e r e n t  
so u rc e s  c o u l d  t h e r e f o r e  be c l a s s i f i e d  a s  f o l l o w s : -  
Sub-g ro u p  A - -  157
(A 1 most p r e v a l e n t  type  -  28 s t r a i n s ;
10 p r i m a r i l y  n o n - l a c t o s e  f e r m e n t e r s ) *
2 4 .
S u b-g ro up  B -  52
(B 1 most  p r e v a l e n t  -  13 s t r a i n s ;
21 p r i m a r i l y  n o n - l a c t o s e  f e r m e n t e r s ) .
S u b -g ro up  C - 27
(C 1 most  p r e v a l e n t  type  -  5 s t r a i n s ) .
S u b -g ro u p  D -  10
(D 1 most p r e v a l e n t  type  -  3 s t r a i n s ) «
C o n s i d e r i n g  t h e  v a r i o u s  s t r a i n s  c o l l e c t i v e l y  i n  t h e s e  
s e r i e s  w h ic h  c o r r e s p o n d  t o  t y p e s  i s o l a t e d  and  c l a s s i f i e d  by  
MacConkey, the  commonest i s  th e  No. 71 ty p e  (34 s t r a i n s )
( t a b l e  6 ) .  Of th e  s e r i e s  i s o l a t e d  f rom  u r i n e ,  t h i s  type  was 
a l s o  the  most p r e v a l e n t ,  t h o u g h  among th e  f a e c a l  s t r a i n s  the  
B. c o l i  communis was the  commonest.  C o l l e c t i v e l y ,  however ,
the most p r e v a l e n t  t y p e s  i n  my s e r i e s  were B. MacConkey No. 71
and B. c o l i  communis.
W i th  c o m p a r a t i v e l y  few e x c e p t i o n s ,  t h e  g r a m - n e g a t iv e  
b a c i l l i  f o u n d  i n  u r i n a r y  s e p s i s ,  a s  shown, a r e  normal 
i n h a b i t a n t s  o f  th e  i n t e s t i n e  an d  t h i s  p a r a l l e l i s m  be tw een  
the  f a e c a l  and  u r i n a r y  t y p e s  i s  a  f u r t h e r  c o n f i r m a t i o n  o f  th e  
g e n e r a l l y  a c c e p t e d  v iew  t h a t  t h e s e  i n f e c t i o n s  a r e  a u t o ­
i n f e c t i o n s  f ro m  th e  bowel .
As i n d i c a t e d  above the  A su b -g ro u p  c o m p r i s e s  the  most 
f r e q u e n t l y  o c c u r r i n g  t y p e s  o f  c o l i f o r m  b a c i l l i ,  t h e  so c a l l e d  
t y p i c a l  v a r i e t i e s .  T h i s  group a l s o  a p p e a r s  t o  embrace the  
l a r g e s t  number o f  d i f f e r e n t  v a r i e t i e s  or t y p e s  ( 3 6 ) .  While
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organ ism s  o f  th e  s u b - g r o u p s  B and  C a r e  l e s s  f r e q u e n t l y  met 
w i t h  i n  e x c r e m e n t a l  m a t e r i a l ,  t h e y  n e v e r t h e l e s s  r e p r e s e n t  
c h a r a c t e r i s t i c  f a e c a l  o rg a n i s m s .  Organism s o f  t h e  a n a e r o g e n e s  
type a r e  o f  c o m p a r a t i v e l y  r a r e  o c c u r r e n c e ,  b u t  a s  shown, t h i s  
type may be a s s o c i a t e d  w i t h  c e r t a i n  c a s e s  o f  u r i n a r y  s e p s i s .
THE SEROLOGICAL INVESTIGATION OF 
THE B. COLI GROUP.
The f o l l o w i n g  s e r o l o g i c a l  s t u d i e s  were o r i g i n a l l y  
c a r r i e d  o u t  w i t h  a  v iew  t o  th r o w in g  f u r t h e r  l i g h t  on t h e  
b i o l o g i c a l  r e l a t i o n s h i p s  o f  th e  v a r i o u s  t y p e s  o f  B« c o l i  and  
i t s  c o n g e n e r s .  ^The a g g l u t i n a t i o n  and  complement d e v i a t i o n  
r e a c t i o n s  o f  immune s e r a  t o  c e r t a i n  of  th e  commoner v a r i e t i e s  
were s t u d i e d  and  the  r e s u l t s ,  a p a r t  f rom t h e i r  b e a r i n g  on 
t h i s  p a r t i c u l a r  q u e s t i o n ,  r e p r e s e n t  o b s e r v a t i o n s  o f  
c o n s i d e r a b l e  i n t e r e s t  f rom  the p u r e l y  im m u n o lo g ic a l  s t a n d p o i n t
AGGLUTINATION REACTIONS.
While i n  t h e  c a s e  o f  B. t y p h o s u s ,  p r e c i s e  s p e c i e s  
s p e c i f i c i t y  i s  c h a r a c t e r i s t i c  o f  an a g g l u t i n a t i n g  a n t i s e r u m ,  
among th e  c o l i f o r m  b a c i l l i  a  much more r e s t r i c t e d  d e g re e  o f  
s p e c i f i c i t y  was o b s e r v e d  -  s p e c i f i c i t y  f o r  t h e  i n d i v i d u a l  
s t r a i n .
An immune serum to  a  p a r t i c u l a r  s t r a i n  o f  B. t y p h o s u s  
w i l l  a g g l u t i n a t e  most B. ty p h o s u s  s t r a i n s  w i t h  l i t t l e  
v a r i a t i o n  i n  d e g r e e ;  immune s e r a  t o  c e r t a i n  B. c o l i  t y p e s ,
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on th e  o t h e r  h and  have b e en  fo u nd  to  e x e r t  l i t t l e  o r  no a c t i o n  
on o t h e r  s t r a i n s  i d e n t i c a l  a s  r e g a r d s  c u l t u r a l  r e a c t i o n s  to  
t h a t  u s e d  f o r  im m u n iz a t io n .
S e v e r a l  a u t h o r s  have drawn a t t e n t i o n  to  the  h i g h  deg re e  
of  s p e c i f i c i t y  o f  B« c o l i  a g g l u t i n i n s  (Van B v e re n ,  P f a u n d l e r ,  
Cany, W olf ,  A m i r a d z ib i )  b u t  the  a g g l u t i n a t i o n  r e a c t i o n s  o f  
th e s e  o rg a n i s m s  have n o t  b e en  a c c u r a t e l y  s t u d i e d  i n  c o r r e l a t i o n  
w i t h  t h e i r  c l a s s i f i c a t i o n  i n t o  d i f f e r e n t  t y p e s  qua  c u l t u r a l  
r e a c t i o n s ;  t h u s  A m i r a d z ib i  immunized g u i n e a  p i g s  a g a i n s t  f i v e  
s t r a i n s  w h ic h  a l l  p o s s e s s e d  c e r t a i n  common c h a r a c t e r s  -  power 
of  f e r m e n t i n g  g l u c o s e ,  l a c t o s e ,  c l o t t i n g  m i lk  a n d  p r o d u c i n g  
i n d o l ;  he fo u n d  t h a t  th e  s t r a i n  u s e d  f o r  im m u n iza t io n  was the  
on ly  one a g g l u t i n a t e d .  These common c h a r a c t e r s  a r e ,  however ,  
a s  shown a b o v e ,  r e f e r a b l e  to  a  c o n s i d e r a b l e  v a r i e t y  o f  t y p e s  
or s p e c i e s .  I n  th e  e x p e r i m e n t s  t b  be r e c o r d e d  i t  i s  shown  ̂
t h a t  among the  commoner t y p e s  o f  B. c o l i  (A su b -g ro u p )  even  
a f t e r  t h e s e  o r g a n i s m s  have b e e n  c l a s s i f i e d  a n d  s e p a r a t e d  i n t o  
d i f f e r e n t  s p e c i e s  by  c u l t u r a l  t e s t s ,  i t  i s  s t i l l  i m p o s s i b l e  
to  d e m o n s t r a t e  any  s p e c i e s  s p e c i f i c i t y  o f  an a g g l u t i n a t i n g  
a n t i s e r u m ^ a n d  t h a t  a g g l u t i n a t i n g  s e r a  a r e  s p e c i f i c  o n ly  f o r  
the  i n d i v i d u a l  homologous s t r a i n .
A n t i s e r a  were o b t a i n e d  to  c e r t a i n  s t r a i n s  w h ic h  
r e p r e s e n t e d  common c o l i f o r m  t y p e s  ( l )  Type A 1 (B. MacConkey 
No. 7 1 ) ,  (2) Type A 4 (B. G r u n t h a l ) ,  Type A 3 
( B. v e s i c u i o s u s ) ,  (4) Type A 2 (B. c o l i  communis) and  a  number
2?
of  o t h e r  s t r a i n s  c o r r e s p o n d i n g  i n  a l l  t h e i r  c h a r a c t e r s  w i t h
th e s e  t y p e s  were t e s t e d  w i t h  th e  immune s e r a .
Immune S e r a :  R a b b i t s  were immunized a g a i n s t  the  p a r t i c u l a r
o rgan ism s  b y  r e p e a t e d  i n t r a v e n o u s  i n j e c t i o n  o f  i n c r e a s i n g
amounts o f  b a c i l l a r y  e m u l s io n s  s t e r i l i z e d  a t  a  t e m p e r a t u r e  of
65° C. f o r  i  h o u r ,  F o r  t h i s  p u r p o s e  24 h o u r s  a g a r  s lo p e
c u l t u r e s  were e m u l s i f i e d  i n  c o n v e n i e n t  q u a n t i t i e s  o f  0 . 8 5 ^
sodium c h l o r i d e  s o l u t i o n .  The s e r i e s  of  d o ses  were a s  f o l l o w s : - 
1 1 1■Jq> -gr 1 a n d  2 e m u l s i f i e d  a g a r  s l o p e  c u l t u r e s ,  g iv e n  a t
i n t e r v a l s  o f  7 to  10 d a y s .  Ten days a f t e r  th e  l a s t  i n j e c t i o n
the s e r a  were  t e s t e d  w i t h  th e  s t r a i n s  u s e d  f o r  im m u n iz a t io n  and
i f  f o u n d  o f  s u i t a b l e  v a l u e ,  i . e . ,  a g g l u t i n a t i n g  i n  a  d i l u t i o n
of 1 :2000  or  i n  h i g h e r  d i l u t i o n s ,  t b e  a n im a l  was b l e d  and the
serum a f t e r  s e p a r a t i o n  s t o r e d  i n  s e a l e d  t u b e s .  I n  th e  o r i g i n a l
e x p e r im e n t s  s t e r i l i t y  o f  th e  serum v/as e n s u r e d  b y  h e a t i n g  a t
ih i 'ee
570 C. f o r  1 hour  on s u c c e s s i v e  d a y s .  I n  some c a s e s  i t  was 
n o te d  t h a t  t h e r e  was a  marked d e p r e c i a t i o n  o f  the  a g g l u t i n a t i n g  
v a lu e  o f  th e  serum  by  h e a t i n g ,  due a p p a r e n t l y  to  t h e  v a r y i n g  
t h e r m o s t a b i l i t y  o f  th e  a g g l u t i n i n .  To o b v i a t e  t h i s  the  
measures  a d o p t e d  f o r  b l e e d i n g  and c o l l e c t i n g  th e  serum were
c a r r i e d  ou t  w i t h  th e  u tm o s t  p r e c a u t i o n s  t o  e x c lu d e  c o n t a m i n a t i o n  
and th e  se rum  was h e a t e d  a t  570 C. f o r  only  -J- hour  on 2 
s u c c e s s iv e  d a y s .
Method o f  c a r r y i n g  ou t  th e  a g g l u t i n a t i o n  t e s t s :  A 24 h o u r s  a g a r  
s lope  c u l t u r e  w a s ' e m u l s i f i e d  i n  5 C.C. o f  0 . 8 5 ^  s a l t  s o l u t i o n ,
2 8 .
and t h e  e m u ls io n  a l l o w e d  t o  s t a n d  i n  t h e  i n c u b a t o r  f o r  a b o u t  I  
hour  t o  a l l o w  t h e  l a r g e r  clumps and f r a g m e n t s  o f  a g a r  t o  d e ­
p o s i t .  The s u p e r n a t a n t  f l u i d  was t h e n  d e c a n t e d  and made up t o  
10 C .C . .  V a ry in g  d i l u t i o n s  o f  t h e  a n t i s e r u m  were mixed w i t h  
eq u a l  volumes ( 0 . 5  C .C .)  o f  b a c i l l a r y  e m u ls io n  and t h e  m i x t u r e s  
p l a c e d  i n  n a r r o w  t u b e s  i n  which  t h e  a g g l u t i n a t i o n  c o u ld  be  o b s e r v ­
ed by t h e  nak ed  e y e .  As a  c o n t r o l  0 . 5  C.C.  o f  t h e  b a c i l l a r y  
e m u ls io n  was mixed w i t h  an  e q u a l  volume o f  s a l t  s o l u t i o n  and 
i n c l u d e d  i n  t h e  t e s t  s e r i e s ;  t h i s  e l i m i n a t e d  any f a l l a c y  due 
to  a u t o a g g l u t i n â t i o n .  I t  i s  t o  be  n o t e d ,  however ,  t h a t  a u t o ­
a g g l u t i n a t i o n  was r a r e l y  s e e n  among t h e s e  b a c i l l i .  The t u b e s  
were p l a c e d  i n  t h e  i n c u b a t o r  f o r  i j  ho u rs  and t h e n  a t  room 
t e m p e r a t u r e  f o r  h o u r ;  t h e y  were a g a i n  p l a c e d  i n  t h e  i n c u b a t o r  
f o r  2 h o u r s ,  when r e a d i n g s  were t a k e n  o f  t h e  r e s u l t s  . U l t i m a t e l y  
t h e y  were a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e  t i l l  n e x t  day 
when f u r t h e r  r e a d i n g s ,  i f  n e c e s s a r y ,  were made. I t  was u s u a l l y  
n o ted  t h a t  t h e  v a r i a t i o n s  i n  t e m p e r a t u r e  p ro d u c e d  i n  t h i s  way 
s e t  up c o n v e c t i o n  c u r r e n t s  i n  t h e  f l u i d  and t h i s  h a s t e n e d  
a g g l u t i n a t i o n .  The d e g re e  o f  a g g l u t i n a t i o n  was d e t e r m i n e d  by 
th e  amount o f  s e d im e n t  i n  t h e  v a r i o u s  t u b e s  as compared w i t h  
th e  c o n t r o l ,  o r  by t h e  c l a r i t y  o r  t u r b i d i t y  o f  t h e  s u p e r n a t a n t  
f l u i d  as  compared w i t h  t h e  f l u i d  i n  t h e  c o n t r o l  t u b e .
2 9 .
Complete  a g g l u t i n a t i o n  i s  s i g n i f i e d  i n  the  t a b l e s  by
4- l e s s e r  d e g r e e s  by  4-  4 -  -f*. 4 - 4 - ,  and  4-*
R e s u l t s  o b s e r v e d  w i t h  a n t i s e r a  t o  A t y p e s  1, 2, 3 an d  4 .
Marked s p e c i f i c i t y  f o r  th e  i n d i v i d u a l  s t r a i n  on th e  p a r t
of  t h e s e  immune s e r a  was obse rved#  T a b l e s  7, 8 ,  9 and  10 show
t h a t  the  o n ly  s t r a i n s  a g g l u t i n a t e d  to  any  e x t e n t  b y  the
c o r r e s p o n d ! ng a n t i s e r u m  were th e  p a r t i c u l a r  s t r a i n s  u s e d  f o r
immunizat ion# Thus,  the  a n t i s e r u m  to  s t r a i n  1 ty pe  1
a g g l u t i n a t e d  s t r a i n  1 i n  d i l u t i o n s  up to  1 : 5 0 ,0 0 0  ; 14 o t h e r
s t r a i n s  o f  t h e  same type  were t e s t e d  w i t h  the  a n t i s e r u m  b u t
none showed any  a g g l u t i n a t i o n  by  d i l u t i o n s  h i g h e r  t h a n  1 :5 00
and 8 were n o t  even  a g g l u t i n a t e d  by  a  d i l u t i o n  o f  1 :1 0 0 .  A
s t r a i n  o f  type  3 a l s o  e x h i b i t e d  l i t t l e  r e a c t i o n  w i t h  the  ty p e  1
a n t i s e r u m  ( t a b l e  7 ) .  S i m i l a r  r e s u l t s  were o b t a i n e d  w i t h
a n t i s e r a  t o  t y p e s  2, 3 a n d  4.
While  t h i s  r e s t r i c t e d  s p e c i f i c i t y  was f o u n d  to  be the
g e n e r a l  r u l e  w i t h  a n t i s e r a  t o  t h e s e  common t y p e s  o f  B« c o l i ,  an
e x c e p t i o n  has  been  n o t e d ;  an a n t i s e r u m  to  a  ty pe  2 (B. c o l i
communis) was fo u n d  to  a g g l u t i n a t e  a  p a r t i c u l a r  s t r a i n  o f
type 1 (B. MacConkey No# 71) i n  a  f o u r  t im e s  h i g h e r  d i l u t i o n
n)
than  i n  t h e  c a s e  of  th e  homologous s t r a i p ^ a n d  t h i s  ty p e  1 
s t r a i n  was n o t  fo u n d  t o  be s p e c i a l l y  s u s c e p t i b l e  t o  o t h e r  
B. c o l i  a g g l u t i n i n s ,  ( t a b l e s  9 a n d  10) i . e . \  i t  was n o t  i t s e l f  
s u s c e p t i b l e  t o  o t h e r  a g g l u t i n a t i n g  s e r a  n o r  d i d  i t  show any
TABLE 7 .
A n t i s e r u m  t o  S t r a i n  1 ,  B. c o l i ,  s u b - g r o u p  A t y p e  1 .
(B. MacConkey N o .7 l )
D i l u t i o n  1 :1 0 0  1 :5 0 0  1 :1 0 0 0  1 :5 0 00  1 :10 0 0 0  1 :2 0 0 0 0  1 :3 0 0 0 0  l:5o6oo
S t r a i n  1 ,  ++♦♦ ++++ ++++ 444+ 4444 4444 444 4
A 1
O the r  s t r a i n s  h a v i n g  same c h a r a c t e r s  i . e .  o f  t y p e  A 1 .
S t r a i  ns
4, 6, 7 ,  0 0 0 0 0 0 0 0
10, 1 1 , 1 2 ,
13  ̂ 15 .
S t r a i n s  44 4 0 0 0 0 0 0
3, 9 .
S t r a i n s  4 0 0 0 0 0 0 0
2 , 8 .
S t r a i n s
5, 14 444 44 0 0 0 0 0 0
S t r a i n  1, 44 0 0 0 0 0 0 0
A 3 ■
C o n t r o l s  showed no a g g l u t i n a t i o n .
TABLE 8 .
A n t i s e r u m  t o  S t r a i n  1^ B. c o l i  t y p e  A 2
(B, c o l i  com m unis) .
D i l u t i o n  1 :2 0 0  1 :4 0 0  1 :8 0 0  1 :1 6 0 0  1 :3 2 0 0  1 :6 4 0 0  1 :8 0 0 0  1 : 1 0 , 0 0 0
S t r a i n  1  ̂ ++++ ++4+ 4444 4444 444 44 t
A 2
O th e r  s t r a i n s  h a v in g  ssune c h a r a c t e r s  i . e .  o f  t y p e  A 2 .
S t r a i n s
2, 3, 4 ,  0 0 0 0 0 0 0 ' 0
5, 6, 7.
8, 9 , 1 0 .
S t r a i n  4 0 0 0 0 ,  0 0 0
11
S t r a i n  1 ,  0 0 0 0 0
A 4
C o n t r o l s  showed no a g g l u t i n a t i o n .
TABLE 9 .
A n t i s e r u m  t o  S t r a i n  1  ̂ B. c o l i  t y p e  A 3
(B. vesical^  o sus )  .•
D i l u t i o n  1 : 6 0  1 :1 2 0  1 :2 4 0  1 :4 8 0  1 :9 6 0  1 :2 0 0 0
S t r a i n  1  ̂ ++++ 4444 4444 444 444 . 44
A 3  '
O th e r  s t r a i n s  h a v in g  same c h a r a c t e r s  i . e .  o f  t y p e  A 3 .
S t r a i n s
3, 4, 5, 0 0 0 0 0 0
6, 7 .
S t r a i n s
2 4 0 0 0 0 0
S t r a i n
8 44 4* 0 0 0 0
S t r a i n  1 ,  4 0 0 0 0 0
A 1
S t r a i n  1 ,  4 0 0 0 0 0
A 4
C o n t r o l s  showed no a g g l u t i n a t i o n .
TAHLS 1 0 .
A n t i s e r u m  t o  S t r a i n  B. c o l i  t y p e  A 4
(B. G r u n th a l )
D i l u t i o n  1 : 5 0  1 :1 0 0  1 :2 0 0  1 :4 0 0  1 :8 0 0  1 :1 6 00  1 :3 2 0 0  1 :8 0 0 0  1 :1 0 0 0 0
S t r a i n  1^ ++++ ++++ 4++4 44++ 4444 444+ 4444 44+ 4
A 4
O th e r  s t r a i n s  h a v in g  same c h a r a c t e r s  i . e .  o f  t y p e  A 4 .
S t r a i n s  0 0 0 0 0 \  0 0 0 0
3, 4, 6,
8 .
S t r a i n s  4 + 0 0 0 0 0 0 0
2, 5, 9 .
« '
S t r a i n s  + 0 0 0 0 0 0 0 0
7, 10 .
S t r a i n  1  ̂ 444 4 0 0 0 0 0 0 0
A 1
. '
S t r a i n  1 ,  44 0 0 0  ' 0 0 0 0 0
A 3
C o n t r o l s  showed no a g g l u t i n a t i o n .
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tendency  to  a u t o a g g l u t i n a t i o n .  M oreover ,  t h i s  a g g l u t i n i n  had 
no e f f e c t  on a  number of  o t h e r  s t r a i n s  o f  type  1 ( t a b l e  1 1 ) «
To a s c e r t a i n  w h e th e r  t h i s  p e c u l i a r i t y  was a  f u n c t i o n  o f  
the  immune a n im a l ,  a n o t h e r  a n t i s e r u m  to  the  same type  2 s t r a i n  
was o b t a i n e d  a n d  th e  serum b e h av e d  i n  p r a c t i c a l l y  th e  same 
manner, i n d i c a t i n g  t h a t  t h i s  p r o p e r t y  of  " p a r a g g l u t i n a t i o n  ” 
v/as d e p en d e n t  on the  p a r t i c u l a r  s t r a i n  ( t a b l e  1 1 ) .
I t  i s  n o t e w o r th y  t h a t  t h i s  i n s t a n c e  of  p a r a g g l u t i n a t i o n  
i s  c h a r a c t e r i z e d  by the  more p o w e r f u l  e f f e c t  o f  th e  
p a r a g g l u t i n i n  than  the  p r i m a r y  a g g l u t i n i n .
As i s  w e l l  known th e  a g g l u t i n i n  has marked a f f i n i t i e s  f o r  
the homologous b a c i l l u s  and  i s  a b s o r b e d  or  u s e d  up by the  
o rgan ism s  d u r i n g  the  p r o c e s s  of  a g g l u t i n a t i o n .  M oreover ,  a  
b a c i l l a r y  e m u l s io n  i s  c a p a b le  o f  a b s o r b i n g  much more a g g l u t i n i n  
than  i s  r e q u i r e d  f o r  com ple te  a g g l u t i n a t i o n  o f  the  o r g a n i s m s .
I t  was fo u n d  t h a t  i f  t h e s e  a g g l u t i n a t i n g  s e r a  were a b s o r b e d ,
(1) by th e  homologous s t r a i n ,  (2) a n o t h e r  s t r a i n  o f  th e  same 
type a n d  (3)  a n o t h e r  s t r a i n  o f  a  d i f f e r e n t  ty p e ,  and t h e n  
t e s t e d  w i t h  th e  homologous s t r a i n ,  the  a g g l u t i n i n  c o u l d  be 
a lm os t  c o m p l e t e l y  a b s o r b e d  by the homologous s t r a i n ,  b u t  t h a t  
the a b s o r p t i v e ,  e f f e c t  o f  th e  o t h e r  o rg an ism s  was r e l a t i v e l y  
weak and  e q u a l  i n  degree  ( t a b l e s  12 a n d  1 3 ) .
For  t h i s ’ pu rpose  c o n c e n t r a t e d  e m u l s io n s  were p r e p a r e d  
and a  c e r t a i n  d i l u t i o n ,  1 :50 0  or  1 :1000 ,  o f  th e  a n t i s e r u m  was 
t r e a t e d  w i t h  th e  d i f f e r e n t  o rg an ism s  a t  370 e.  f o r  2 h o u rs  ;
TABLB 1 1 .
F i r s t  a n t i s e r u m  t o  S t r a i n  1 ,  B. c o l i  t y p e  A 2
(B. c o l i  com m unis ) .
D i l u t i o n  1 :1 0 0  1 :1 0 0 0  1 :8 0 0 0  1 : 1 0 , 0 0 0  1 : 2 0 , 0 0 0  1 : 3 0 , 0 0 0  1 : 4 0 , 0 0 0
S t r a i n  1 ,  f  +++ f+++ ++ + 0 0 0
A 2
S t r a i n  1 ,  f+4+ +44 +++ +++ 4+4 44+ +4
A 1
(B, MacC on-  
key No.71)
Ten o t h e r  s t r a i n s  h a v in g  same c h a r a c t e r s  a s  S t r a i n  1 ,  A 1 
showed no a g g l u t i n a t i o n  w i t h  a n t i s e r u m  d i l u t e d  1 :5 0 0
Second a n t i  serum t o  S t r a i n  1 ,  A 2 .
D i l u t i o n  1 :2 0 0  1 :4 0 0  1 :1 0 0 0  1 :2 0 0 0  1 :4 0 0 0  1 :8 00 0  1 :1 6 0 0 0
S t r a i n  1 ,  +♦++ +++ 444 4+ 0 0 0
A 2
S t r a i n  1^ +++ +++ +4+ 444 +4
A 1
C o n t r o l s  showed no a g g l u t i n a t i o n .
TAHLB 1 2 .
A n t i s e r u m  t o  S t r a i n  I , B. c o l i  t y p e  A 1 a b s o r b e d  a t  
1 :5 0 0  by  l a r g e  e x c e s s  o f  e m u l s io n ,  ( v . t a b l e  7) 
o f  (1)  S t r a i n  I ,  A 1 .
(2) « 2,  A 1 .
(3)  " 1 ,  A 2 .
T r e a t e d  S e r a .
D i l u t i o n  1 :6 0 0  1 :1 2 0 0  1 :2 40 0  1 :4 8 0 0  1 :9 6 0 0  1 : 1 2 , 0 0 0
t e s t e d  w i t h  S t r a i n  I  , A 1 .
(1) 4 + 4 0 0 0 0
(2) 4444 4444 4444 444 444 4
(3) 4444 4444 4444 444 444 4
C o n t r o l s  showed no a g g l u t i n a t i o n ,
TABLE 1 5 .
A n t i s e r u m  t o  S t r a i n  1 ,  A 4  (B. G r u n t h a l )  a b s o r b e d
a t  1 :1 0 0 0  by  e x c e s s  o f  e m u ls io n  ( v .  t a b l e  10 ) 
o f  ( l )  S t r a i n  1 ,  A 4
(2) " 2 ,  A 4
(3) " 1 ,  A 3
T r e a t e d  S e r a .
D i l u t i o n  1 :1 0 0 0  1 :2 0 0 0  1 :4 0 0 0  1 :8 0 0 0  1 : 1 0 , 0 0 0
t e s t e d  w i t h  S t r a i n  1 ,  A 4 .
(1 ) 0 0 0 0 0
(2) ++++ ++++ 4+44 4+ 0
(3) +444 4444 $444 4 0
C o n t r o l s  showed no a g g l u t i n a t i o n .
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the m i x t u r e s  were c e n t r i f u g a l i z e d  t i l l  t h e  s u p e r n a t a n t  f l u i d s  
were q u i t e  c l e a r ;  t h e s e  were p i p e t t e d  o f f  and  t e s t e d  e a c h  w i t h  
the homologous s t r a i n  i n  v a r i o u s  f u r t h e r  d i l u t i o n s .
A b s o r p t i o n  t e s t s  were a l s o  c a r r i e d  o u t  w i t h  th e  
a n t i  serum, w h ic h  showed th e  p a r a g g l u t i n a t i o n  phenomenon. I t  
was fo u n d  t h a t  w h i l e  t r e a t m e n t  o f  the  serum by th e  s t r a i n  u s e d  
fo r  im m u n iza t io n  removed th e  a g g l u t i n i n  b o t h  f o r  t h i s  s t r a i n  
a n d ’the  h e t e r o l o g o u s  s t r a i n ,  the  h e t e r o l o g o u s  s t r a i n  was only- 
capab le  o f  a b s o r b i n g  i t s  own a g g l u t i n i n  ( t a b l e  1 4 ) .  T h i s  i s  
t ru e  f o r  c o a g g l u t i n a t i o n  e f f e c t s  g e n e r a l l y  ( C a s t e l l a n i ) , and  
showed t h a t  the  two s t r a i n s  were n o t  s e r o l o g i c a l l y  i d e n t i c a l .
I t  was t h u s  q u i t e  i m p o s s i b l e  t o  e s t a b l i s h  any  
d i f f e r e n t i a t i o n  by  a g g l u t i n a t i o n  t e s t s  be tw een  d i f f e r e n t  
ty p es  o f  t h e s e  c o l i f o r m  b a c i l l i ,  a n d  no s p e c i e s  s p e c i f i c i t y  
was d i s p l a y e d  b y  t h e i r  a g g l u t i n i n s : th e  s p e c i f i c i t y  i s  
r e s t r i c t e d  t o  the  i n d i v i d u a l  s t r a i n  and ,  b y  th e  o r d i n a r y  
a g g l u t i n a t i o n ,  r e a c t i o n ,  and a l s o  by  a b s o r p t i o n  t e s t s ,  i t  i s  
q u i t e  i m p o s s i b l e  to  d e m o n s t r a te  t h a t  o rg a n i s m s  o f  th e  same 
s p e c i e s  ( d e t e r m i n e d  by  c u l t u r a l  r e a c t i o n s )  a s  t h e  homologous 
s t r a i n ,  a r e  more c l o s e l y  r e l a t e d  to  i t  th an  r e p r e s e n t a t i v e s  
of o t h e r  t y p e s .  Thus ,  the  i n d i v i d u a l i t y  o f  th e  b a c t e r i a l  
s t r a i n  i s  most s t r i k i n g l y  e l i c i t e d .  I n  t h i s  g roup  s t r a i n s  
a re  c o n s t a n t l y  a s su m in g  new c h a r a c t e r s  ( v . p .  6̂  ) and  becom ing
h ig h ly  s p e c i a l i z e d .  Hence we must assume t h a t  a  hifch d e g re e  
of i n d i v i d u a l i t y  i s  a t t a i n e d  by  e a c h  s t r a i n  a n d  t h a t
TABLE 1 4 .
(1) A n t i s e ru m  t o  S t r a i n  1, A 2 (B. c o l i  communis) a b s o r b e d  by
S t r a i n  I ,  A 1 (v .  T ab le  \ ^ )  a t  1 :1 0 0 0  d i l u t i o n .
(2) Same a n t i s e r u m  a b s o r b e d  by  S t r a i n  1 ,  A 2 a t  1 :1 0 0 0  d i l u t i o n ,
T r e a t e d  Serum ( l )
D i l u t i o n  1 :1 0 0 0  1 :2 0 0 0  1 :3 0 0 0  1 :4 0 0 0  1 : 6 0 0 0 ' 1 : 8 0 0 0
. t e s t e d  w i t h
S t r a i n  1, A 2 4+4$ +44+ 44+4 ++44 +44 44
s t r a i n  I ,  A 1 ++ + 0 0 0 0
t e s t e d  w i t h  
S t r a i n  1 ,  A 2 +4
S t r a i n  I ,  A 1 0







C o n t r o l s  showed no a g g l u t i n a t i o n ,
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difiQ_y6nces o f  c u l t u r a l  c h a r a c t e r s  w i t h i n  c e r t a i n  l i m i t s  a r e  _qf 
l i t t l e  s i g n i f i c a n c e .
R e s u l t s  o b s e r v e d  w i t h  a n t i s e r a  to  B t y p e s  1 and  2.
In  t h e  f o r e g o i n g  o b s e r v a t i o n s  r e g a r d i n g  t h e  a c t i o n  o f
B. c o l i  a g g l u t i n i n s ,  th e  commoner t y p e s ,  B. MacConkey No. 71,
B. c o l i  communis, B. G r u n t h a l ,  B. v e s i c u l o s u s  b e l o n g i n g  to  th e  
i n d o l  f o rm in g  su b -g ro u p  (A) o f  c o l i f o r m  b a c i l l i  were s t u d i e d ;  
f u r t h e r  e x p e r i m e n t s  were t h e n  c a r r i e d  ou t  w i t h  a g g l u t i n a t i n g  
s e r a  t o  c e r t a i n  of  t h e  B su b -g ro u p  w n ich  a r e  of  l e s s  f r e q u e n t  
o c c u r r e n c e .
A n t i s e r a  were o b t a i n e d  t o  s t r a i n s  o f  t y p e s  B 1 
(B. MacConkey No* 74) an d  B 2 whose c h a r a c t e r s  a r e  shown i n
t a b l e  3. A number o f  o t h e r  s t r a i n s  i d e n t i c a l  i n  t h e i r
c h a r a c t e r s  to  t h e s e  t y p e s  were t e s t e d  w i t h  t h e  r e s p e c t i v e  
immune s e r a .  The r e s u l t s  w i t h  an  a n t i s e r u m  t o  s t r a i n  1 ,  
type B 1 a r e  shown i n  t a b l e  15.  I t  was n o t e d  t h a t  w h i l e  the  
s t r a i n  u s e d  f o r  im m u n iza t io n  was a g g l u t i n a t e d  by  a  1 :8000  
d i l u t i o n  o f  th e  serum, 3 o t h e r  i d e n t i c a l  s t r a i n s  were o n ly  
a g g l u t i n a t e d  by  a  lower  d i l u t i o n  (1 :1 0 0 ,  1 :1 0 00 )  a n d  s t r a i n s  
of su b -g ro up  A type  1 a n d  B 2 a l s o  were n o t  a g g l u t i n a t e d  
ex cep t  by  low d i l u t i o n s *  S t r a i n s  3 and  6 were a g g l u t i n a t e d ,  
however, t o  t h e  same d eg ree  a s  th e  s t r a i n  u s e d  f o r  im m u n iz a t io n .
An a n t i s e r u m  t o  s t r a i n  3 was a l s o  o b t a i n e d  and  t e s t e d  
w i th  the  o t h e r  s t r a i n s  ( i n c l u d i n g  No. l ) . The c o r r e s p o n d i n g  
e f f e c t  was fo un d  t o  o c c u r ,  i . e . ,  marked a g g l u t i n a t i o n  of
TABLE 1 5 .
A nt ise rum  t o  S t r a i n  1 ,  B. c o l i  t y p e  B 1 (B. MacConkey N o.74) 
D i l u t i o n  1 :1 0 0  1 :5 0 0  1 :1 0 0 0  1 :2 0 0 0  1 :4 0 0 0  1 :6 0 0 0  1 :8 0 0 0  1 : 1 0 , 0 0 0  
S t r a i n  1,  ++++ ++++ +4++ +4+4 44+4 444 44 0
S t r a i n  2 ,  +444 +4+ ++ 0 0 0 0 0
S t r a i n  3, +444 4444 4444 +444 444+ 444 44 0
B 1
S t r a i n  4 ,  ++ 0 0 0 0 0 0 0
B 1
S t r a i n  5, ++44 0 ' 0 0 0 0 0 0
B 1
S t r a i n  6, 4444 4444 44+4 +444 4444 444 4 0
B 1
S t r a i n  1, • 4+4 44 0 0 0 0 0 0
A 1
S t r a i n  1 ,  444 + 0 0 0 0 0 0
B 2
C o n t r o l s  showed no a g g l u t i n a t i o n .
s t r a i n  3 and  a l s o  of  s t r a i n s  1 and  6 w h i l e  th e  o t h e r  s t r a i n s  
were n o t  a f f e c t e d  t o  any e x t e n t  ( t a b l e  1 6 ) .  I n  t h i s  ty p e  
t h e r e f o r e  the  s p e c i f i c i t y  was n o t  so r e s t r i c t e d  and t h e  
homologous s t r a i n  was n o t  th e  o n ly  s t r a i n  w h ic h  showed marked 
a g g l u t i n a b i l i t y  by the  a n t i s e r u m .  s t r a i n s  o f  the
same ty p e  w e re ,  however,  n o t  more a g g l u t i n a b l e  th an  a 
h e t e r o lo g o u s  s t r a i n  b e l o n g i n g  to  an e n t i r e l y  d i f f e r e n t  
su b -g ro u p .  Thus no s p e c i e s  d i f f e r e n t i a t i o n  c o u ld  be e l i c i t e d  
by means o f  t h e s e  a n t i s e r a .
In  t h e  c a se  o f  th e  a n t i s e r u m  to  a  s t r a i n  o f  B 2, two 
o th e r  c o r r e s p o n d i n g  s t r a i n s  were a l s o  t e s t e d .  The s t r a i n  
used f o r  im m u n iz a t io n  was a g g l u t i n a t e d  by d i l u t i o n s  up to  
1 :1 0 ,0 0 0  ( t a b l e  1 7 ) ;  s t r a i n  2 was a g g l u t i n a t e d  by  d i l u t i o n s  
up to  1 :32 0 0 ,  b u t  s t r a i n  3 showed a  l e s s  d eg re e  of  
a g g l u t i n a b i l i t y  ( e n d - t i t r e  1 : 8 0 0 ) .
Among t h e s e  B t y p e s  t h e r e  i s  a  r e l a t i v e  s p e c i f i c i t y  of 
the a g g l u t i n i n  f o r  th e  i n d i v i d u a l  s t r a i n  a s  in  th e  case  of ' 
the i n d o l  f o rm in g  t y p e s ,  b u t  the  r e s u l t s  i n d i c a t e  t h a t  th e  
s p e c i f i c i t y  i s  much l e s s  r e s t r i c t e d .  I n  th e  c a s e  of  
a g g l u t i n a t i n g  s e r a  t o  A t y p e s  1, 2, 3, and  4, th e  s t r a i n  u s e d  
f o r  im m u n iza t io n  showed marked a g g l u t i n a t i o n ,  w h i l e  o t h e r  
s t r a i n s  of th e  same t y p e s  r e s p e c t i v e l y  were p r a c t i c a l l y  
i n a g g i u t i n a b l e  e x c e p t  by low d i l u t i o n s  of  th e  serum. In  
the case  of  a n t i s e r a  to  t^pe  B 1 s t r a i n s ,  o t h e r  s t r a i n s  o f  
the same type  showed an a lm o s t  e q u a l  a g g l u t i n a b i l i t y , and  a s
ta b l e  1 6 .
A n t i s e r u m  t o  S t r a i n  3 ,  B. c o l i  t y p e  B „ 
D i l u t i o n  1 :5 0  1 : 1 0 0  1 :8 0 0  1 :1 6 0 0  1 :3 2 00  1 :6 4 0 0
S t r a i n  1 ,  ++++ +++t ++++ 4+++ 444 4
B 1 \
' '
S t r a i n  2 ,  4444  444  0 0 Ô 0
B 1
I
S t r a i n  3, 4+44  4444  4444  4444  44  0
B 1
S t r a i n  4,  +444  444  4 0 0 0
B 1
S t r a i n  5, 44  0 0 0 0 0
B 1
S t r a i n  6, 4+44  4444  4+44  444  ' 44
B 1 -
S t r a i n  1,  +44  4 0 0 0
A 1
C o n t r o l s  showed no a g g l u t i n a t i o n .
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TABLE 1 7 .
A n t i s e r u m  t o  S t r a i n  1 ,  B. c o l i  t y p e  B 2 .
D i l u t i o n  1 : 5 0  1 :1 0 0  1 :4 0 0  1 :8 0 0  1 :1 6 0 0  1 :3 2 0 0  1 :6 4 0 0  1 : 1 0 , 0 0 0
Strain 1,  ++++ f+++ ++++ ++++ 4+44  4444  444  4
B 2
Strain 2, 4+44  44+4  4444  4444  4 4 +  44  0 0
B 2
Strain 3, +444 4444 444 44 0 0 0 0
B 2
Strain 1, 444 0 0 0 0 0 0 ’ 0
A 1
C o n t r o l s  showed no a g g l u t i n a t i o n #
)4 ♦
r e g a r d s  the  a n t i s e r u m  to  s t r a i n  1, B 2, o f  the  two o t h e r  
c o r r e s p o n d i n g  s t r a i n s ,  one was a g g l u t i n a t e d  by r e l a t i v e l y  h i g h  
d i l u t i o n s  th o u g h  n o t  q u i t e  e q u a l  i n  a g g l u t i n a b i l i t y  t o  the  
s t r a i n  u se d  f o r  im m u n iz a t io n .
R e s u l t s  o b s e r v e d  w i t h  a n t i s e r a  t o  B t v n e s  101 a n d  105 
( p a r a c o lo n  b a c i l l i ) .
A g g l u t i n a t i n g  s e r a  f o r  two t y p e s  of  the  so c a l l e d  
p a r a c o l o n  b a c i l l i ,  i . e . ,  t y p e s  w h ic h  f e r m e n t  g lu c o s e  and 
mannite  w i t h  g as  p r o d u c t i o n  and  do n o t  f e r m e n t  l a c t o s e  or 
s a c c h a r o s e ,  were p r e p a r e d .  I n  t h i s  case  s p e c i f i c i t y  f o r  the  
i n d i v i d u a l  s t r a i n  was c o m p le t e ly  a b s e n t  a n d  e x a c t  s p e c i e s  
s p e c i f i c i t y  was o b s e r v e d .
The immune serum t o  s t r a i n  1, B 101 a g g l u t i n a t e d  t h i s  
s t r a i n  i n  d i l u t i o n s  a s  h ig h  a s  1 i n  8 ,0 0 0 , 0 0 0  (an u n u s u a l l y  
pow erfu l  a g g l u t i n i n )  a n d  5 o t h e r  s i m i l a r  s t r a i n s  were 
a g g l u t i n a t e d  by e q u a l l y  h i g h  d i l u t i o n s  ( t a b l e  1 8 ) .
I t  i s  of  i n t e r e s t  to  n o te  t h a t  s t r a i n  4, B lO l  u n d e r ­
went s p o n ta n e o u s  v a r i a t i o n  i n  s a c c h a r o s e  medium ( f l u i d )  ; so 
t h a t  a  new s t r a i n  was d e v e lo p e d  d i f f e r i n g  from  th e  o r i g i n a l  
s t r a i n  in  f e r m e n t i n g  s a c c h a r o s e  v / i t h i n  24 h o u r s  g ro w th  
( v .p .  5 7 ) .  B o th  th e  o r i g i n a l  an d  v a r i a n t  s t r a i n  were 
e q u a l l y  a g g l u t i n a b l e  by th e  a n t i s e r u m .  The immune serum to  
s t r a i n  1, B 103 a g g l u t i n a t e d  3 o t h e r  s i m i l a r  s t r a i n s -  t o  the  
same degree  a s  the  s t r a i n  u se d  f o r  im m un iza t ion  ( t a b l e  1 9 ) .
TABLE 1 8 .
A n t i s e r u m  t o  S t r a i n  1 ,  B 101 (B. p a r a c o l o n  ty p e )
D i l u t i o n  1:1000000 1:2000000 1:4000000 60 00000 1:8000000 1:1000000 0
S t r a i n  1 ,  ++++ +++
B 101






S t r a i n  3, 4444 4444 4444 444 44
B 101
0
strain 4, +444 4444
B 101
S t r a i n  1,  0 0
A 1 •
444+ 444 44
S t r a i n  1, 0
B 1
S t r a i n  1 ,  444
B 103
0
(Note t h e  v e r y  h i g h  -degree  o f  p o t e n c y  a t t a i n e d  by  
t h i s  p a r t i c u l a r  a g g l u t i n a t i n g  s e r u m ) .
TABLE 1 9 .
A n t i s e r u m  t o  S t r a i n  1, B 103 (B. p a r a c o l o n  t y p e )  
D i l u t i o n  1 :5 0 0  1 :1 0 0 0  1 :2 0 0 0  1 :4 0 0 0  i l : 8000 1 :1 6 0 0 0  1 :3 2 0 0 0
S t r a i n  1 ,  ++++ ++++ 4+++ +444 444 444 4
B 103
S t r a i n  2 ,  +444 444+ 4444 4+44 444 444 4
B 103
S t r a i n  3,  4444 4444 444+ 4444 444 44 +
B 103
S t r a i n  4 ,  +444 44+4 4444 4444 *44 44 44
B 103
S t r a i n  1,  4+ 0 0 0 0 0 0
B 101
C o n t r o l s  showed no a g g l u t i n a t i o n .
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Thus among t h e  c o l i f o r m  b a c i l l i  i n v e s t i g a t e d  s e r o l o g i c a l l y  
d i f f e r e n t  g r a d e s  o f  s p e c i f i c i t y  on th e  p a r t  o f  a g g l u t i n a t i n g  
s e r a  have b e e n  n o t e d :
(1) i n  th e  c a s e  o f  th e  commoner t y p e s ,  su b - g r o u p  A t y p e s  1,
2, 3 and  4 (g a s  p r o d u c i n g ,  i n d o l  - h ,  i n o s i t e  — , 
l a c t o s e  -f-) marked s p e c i f i c i t y  f o r  th e  i n d i v i d u a l  
s t r a i n  was observed*
(2) i n  th e  c a s e  of  c e r t a i n  l e s s  common t y p e s ,  s u b - g r o u p  B
t y p e s  1 and  2 ( g a s  p r o d u c i n g ,  i n d o l  — , i n o s i t e  — , 
l a c t o s e  4- )  a b s o l u t e  s p e c i f i c i t y  f o r  i n d i v i d u a l  
s t r a i n s  was n o t  o b s e r v e d  b u t  t h e r e  was n o t  co m p le te  
s p e c i f i c i t y  f o r  the  s p e c i e s  o r  type  a s  d e t e r m i n e d  by 
c u l t u r a l  t e s t s .
(3) i n  the  c a s e  o f  c e r t a i n  p a r a c o l o n  t y p e s  (B 101 a n d  103)
(g a s  p r o d u c i n g ,  i n d o l  — , i n o s i t e  — , l a c t o s e  — ) 
p r e c i s e  s p e c i f i c i t y  f o r  th e  c u l t u r a l  ty pe  was 
obse rved*
COMPIÆMENT DEVIATION REACTIONS.
As i n  t h e  c a s e  of  a g g l u t i n a t i o n  b y  immune s e r a  to  
o rgan isms o f  the  A s u b - g r o u p ,  th e  s p e c i f i c i t y  o f  t h e  complement  
d e v i a t i n g  immune body i s  foun d  to  be  r e l a t e d  n o t  t o  th e  
homologous s p e c i e s  b u t  t o  the  s t r a i n  u s e d  f o r  im m u n iz a t io n .
This  s p e c i f i c i t y  f o r  th e  i n d i v i d u a l  s t r a i n  was n o t  so 
pronounced a s  i n  th e  c a se  o f  th e  a g g l u t i n i n  an d  was o n ly  
r e l a t i v e .  While  ” group  ” a g g l u t i n a t i o n  among th e  d i f f e r e n t
36
B. c o l i  s p e c i e s  was s l i g h t  and o f t e n  i n a p p r e c i a b l e ,  t h e  
complement d e v i a t i n g  a n t i b o d y  d i s p l a y e d  marked " g roup  ** a c t i o n  
w i t h in  c e r t a i n  w e l l  d e f i n e d  l i m i t s  and  i n  the  e x p e r i m e n t s  to  
be r e c o r d e d  some i n d i c a t i o n  o f  t h e  b i o l o g i c a l  r e l a t i o n s h i p s  
of d i f f e r e n t  B. c o l i  t y p e s  has  b een  e l i c i t e d  f ro m  a  s t u d y  of  
these  group r e a c t i o n s *
Complement d e v i a t i o n  m ethods .
A n t igen :  E m u ls io n s  o f  th e  b a c i l l i  i n  0 .8 5 ^  s a l t  s o l u t i o n  were 
g e n e r a l l y  u s e d  a s  a n t i g e n ;  t h e s e  were p r e p a r e d  by  m ix in g  an 
18 to  24 h o u r s  a g a r  s lo p e  c u l t u r e  o f  the  p a r t i c u l a r  o rg an ism  
w i t h  a  g i v e n  q u a n t i t y  (10 C .C . )  o f  s a l t  s o l u t i o n .  The whole  - 
agar  s u r f a c e  had b e en  i n o c u l a t e d  a b u n d a n t l y  so t h a t  a  
c o n t in u o u s  g ro w th  was o b t a i n e d ,  a n d  by  u s i n g  t u b e s  w i t h  a g a r  
s u r f a c e s  o f  a p p r o x i m a t e l y  e q u a l  s i z e ,  t h e  e m u l s io n s  of  
d i f f e r e n t  o r g a n i s m s  g e n e r a l l y  e x h i b i t e d  an a p p r o x i m a t e l y  
equa l  degree  o f  t u r b i d i t y . *  The e m u l s i o n s  were s t e r i l i z e d  i n  
a v a c c in e  b a t h  a t  65° C. f o r  h o u r ;  t h i s  i s  u s u a l l y  
s u f f i c i e n t  to  e n s u r e  th e  k i l l i n g  o f  o rg a n is m s  of  tlae c o l i  
group and does n o t  a f f e c t  the  a n t i g e n i c  v a lu e  of the  e m u l s i o n s .  
These a n t i g e n s  g e n e r a l l y  e x h i b i t e d  a  more o r  l e s s  d e g re e  of  
a n t i  comp le  men t a r  y a c t i o n  by  t h e m s e l v e s ;  t h i s  e f f e c t  a p p e a r e d  
to depend m a in ly  on two f a c t o r s  ( l )  th e  p a r t i c u l a r  spec im en  
of complement and  (2) the  p r e s e n c e  i n  the  e m u ls io n  o f
* Table 20 shows how c l o s e l y  the  a n t i g e n i c  p r o p e r t i e s  o f  t h e s e
em uls ions  c o r r e s p o n d ;  coinpare the  d e v i a t i o n  by  th e  A 4 
a n t i s e r u m  4- s t r a i n s  2 A 4, 1 A 3 and 1 A 1 ,
37
f r a g m e n ts  o f  a g a r  w h ic h  a f t e r  h e a t i n g  o f  th e  e m u ls io n  r e n d e r  
i t  e x t r e m e l y  v i s c o u s .  I t  was g e n e r a l l y  fo u n d  b e t t e r  t o  employ 
com plem ent-serum  18 to  24 h o u r s  a f t e r  i t s  w i t h d r a w a l  a s  f r e s h  
complement t e n d s  to  be more d e v i a b l e  by  a n t i c o m p l e m e n t a r y  
agen ts .*  A p a r t  f rom  t h i s ,  i n d i v i d u a l  a n im a l s  y i e l d  complem ents  
which may d i s p l a y  v a r y i n g  d e g r e e s  o f  d e v l a b i l i t y  ; some a r e  
e x t r e m e ly  d e v i a b l e ,  w h i l e  o t h e r s  a r e  l i t t l e  a f f e c t e d  by  the  
u su a l  i n h i b i t o r y  a g e n t s  and i t  i s  t h u s  i m p o s s i b l e  t o  p r e d i c a t e  
how a  c e r t a i n  spec im en  o f  comp l e  m en t - se  rum w i l l  be l iave .  As 
r e g a r d s  th e  o t h e r  c o m p l i c a t i n g  f a c t o r  i t  was fo u nd  e s s e n t i a l  
b e fo re  h e a t i n g  t o  c e n t r i f u g a l i z e  th e  e m u l s i o n s  f o r  1 o r  2 
m inu tes .  T h i s  d e p o s i t e d  any  a g a r  f r a g m e n t s  a n d  th e  s u p e r n a t a n t  
emuls ion  was t h e n  p i p e t t e d  o f f .
I t  was t h u s  p o s s i b l e  to  o b t a i n  b a c i l l a r y  e m u l s io n s  w hich ,
/
w i th  s u i t a b l e  com plem ents ,  showed l i t t l e  a n t i c o m p l e m e n t a r y  
e f f e c t  i n  t h e  q u a n t i t i e s  u s e d .
B a c i l l a r y  e x t r a c t s  have b e en  e x t e n s i v e l y  u s e d  i n  p l a c e  
o f  s i r rp le  e m u l s i o n s .  These were o r i g i n a l l y  employed by  
Wassermann and  B ruck  an d  v a r i o u s  w o r k e r s  have p r e f e r r e d  them 
on the  g ro u n d  t h a t  t h e y  a r e  l e s s  a n t i c o m p l e m e n t a r y  than  
em u ls io n s .  I  have p r e p a r e d  e x t r a c t s  by D ean’ s method o f  
a l t e r n a t e l y  f r e e z i n g  a n d  thaw in g  e m u l s io n s  an d  th e n  rem o v in g  
the b a c t e r i a  by  c e n t r i f u g a l i z a t i o n .  These e x t r a c t s  were fo u n d  
no l e s s  i n h i b i t o r y  i n  c e r t a i n  amounts  w i t h  v a r i o u s  sp e c im en s  
of complement t h a n  th e  o r d i n a r y  e m u l s i o n s .  T h ro ug h ou t  the
This i s  w e l l  known a s  r e g a r d s  th e  Wassermann r e a c t i o n *
38,
e x p e r im e n t s  e m u l s io n s  have b een  u s e d  a s  a n t i g e n ;  t h e y  a r e  
e a s i l y  p r e p a r e d  and w i t h  s u i t a b l e  complements  e x h i b i t  l i t t l e  
i n h i b i t o r y  e f f e c t .
The immune s e r a  u s e d  were t h o s e  a l r e a d y  r e f e r r e d  to  i n  
c o n n e c t io n  w i t h  th e  a g g l u t i n a t i o n  e x p e r im e n t s*
Guinea  p i g ’ s serum was u se d  a s  complement a n d  ox b l o o d  
c o r p u s c l e s  s e n s i t i z e d  w i t h  5 d o ses  o f  a  h a e m o ly t i c  immune body  
(from th e  r a b b i t )  was employed a s  th e  l ia em o ly t ic  system*
The method of  c a r r y i n g  o u t  th e  t e s t s ,  where  c a r e f u l  
com par isons  were made o f  the  d e v i a t i o n  o f  an a n t i s e r u m  a l o n g  
w i th  d i f f e r e n t  b a c i l l a r y  s t r a i n s ,  was a s  f o l l o w s :  v a r y i n g  
q u a n t i t i e s  o f  the  serum were added  to  a  f i x e d  q u a n t i t y  o f  th e  
a n t i g e n  a n d  th e n  a  q u a n t i t a t i v e  e s t i m a t i o n  o f  th e  amount  of  
conplement  d e v i a t e d  by  t h e s e  m i x t u r e s  was made by  a d d in g  
v a r y i n g  amounts  o f  complement  f rom  3 M.H.D. up to  20 M.H.D.
( f o r  0*5 C.C . o f  the  t e s t  b l o o d  s u s p e n s i o n ) ,  i n c u b a t i n g  th e  
m ix tu re s  f o r  l-J h o u r s  a t  37° C . ,  an d  th e n  a d d in g  0 .5 C .C .  o f  
the b l o o d  s u s p e n s i o n .  A f t e r  a f u r t h e r  h o u r ’ s i n c u b a t i o n  the  
r e s u l t s  were  r e a d .
C o n t r o l  t e s t s  were a l s o  c a r r i e d  ou t  to  d e te r m in e  th e  
number o f  d o se s  of c o n p le m e n t  a b s o r b e d  by  the  . a n t i g e n  and  
immune serum  r e s p e c t i v e l y .  At th e  same t ime th e  dose o f  
coup l e  ment a f t e r  i n c u b a t i o n  f o r  1-J- h o u rs  was a s c e r t a i n e d  by  
adding  s u i t a b l e  amounts  o f  th e  c p r p l e m e h t - serum to  t u b e s  
c o n t a i n i n g  a  volume o f  s a l t  s o l u t i o n  e q u a l  to t h a t  o f  the
39*
a n t i g e n  u s e d  i n  th e  t e s t s ,  i n c u b a t i n g  a lo n g  w i t h  t h e  o t h e r  
tu bes  a n d  t h e n  a d d in g  the t e s t  c o r p u s c l e s .
The number o f  d o se s  o f  compleirent  d e v i a t e d  was t a k e n  a s  
one l e s s  t h a n  t h a t  r e p r e s e n t e d  by  the  s m a l l e s t  amount i n  t h e  
s e r i e s  w h ic h  p ro d u c e d  complete ,  l y s i s  ( co m p le te  l y s i s  o c c u r r i n g  
when one dose i s  l e f t  f r e e ) .  The number o f  dose s  d e v i a t e d  by 
the serum and  e m u l s io n  s e p a r a t e l y  was d e d u c t e d  f ro m  th e  number 
of doses  a b s o r b e d  by  the serum and a n t i g e n  i n  c o m b i n a t i o n ,  a n d  
the r e s u l t  r e p r e s e n t e d  the  e x a c t  deg ree  o f  d e v i a t i o n  p r o d u c e d  
a p a r t  f rom  the  i n h i b i t o r y  e f f e c t s  o f  se rum  and b a c i l l a r y  
em u ls io n .  Thus any  i n e q u a l i t y  i n  the  a n t i c o m p l e m e n t a r y  a c t i o n  
of d i f f e r e n t  a n t i g e n s  was a l l o w e d  f o r .
By t h i s  method i n  w h ic h  th e  amount o f  complement 
d e v i a t e d  by  v a r y i n g  amounts  of a n t i s e r u m  a l o n g  w i t h  a  f i x e d  
q u a n t i t y  o f  b a c i l l a r y  a n t i g e n ,  i s  t e s t e d ,  i t  i s  p o s s i b l e  to  
p r e c i s e l y  d i f f e r e n t i a t e  B. t y p h o s u s  f rom  B. p a r a t y p h o s u s  A an d  
B. I n  one o f  my own e x p e r i m e n t s  0 .0 0 0 2  C?C. of  an a n t i t y p h o i d  
serum a lo n g  w i t h  a  s t r a i n  o f  B. ty p h o s u s  ( n o t  t h a t  u s e d  f o r  
im m uniza t ion)  d e v i a t e d  over  17 doses  o f  complement w h i l e  w i t h  
B. p a r a t y p h o s u s  A 0 .0 2 5  C.C. o f  the  serum was r e q u i r e d  to  
produce a  d e v i a t i o n  of  10 doses  and  0 .0 0 0 2  C.C. p ro d u c e d  
p r a c t i c a l l y  no d e v i a t i o n .  Thus by  c a r e f u l  q u a n t i t a t i v e  
com p ar iso n s ,  i t  i s  p o s s i b l e  to  e s t a b l i s h  a  p r e c i s e  s p e c i e s  
d i f f e r e n t i a t i o n  b e tw ee n  c e r t a i n  a l l i e d  o r g a n i s m s .  I n  th e  c ase  
of B. t y p h o s u s  the  r e l a t i v e  s p e c i f i c i t y  i s  f o r  the  s p e c i e s .
40.
b s a r v e d  w i t h a n t i s e r a  t o  A t y p e s  4. 1 an d  3*
I n  the. c a s e  o f  the a n t i s e r u m  to  s t r a i n  1, A 4 (B# G run t  lia-/ 
over 15 doses, o f  compbement were a b s o r b e d  by  t h e  c o m b in a t io n  of  
0 .001  C.C. o f  a n t i s e r u m  and  t h e  s t r a i n  u se d  f o r  im m u n iz a t io n  
while: w i t h  a n o t h e r  s t r a i n  o f  th e  same ty pe  (No. 2)  i t  was 
n e c e s s a r y  to  employ 0 .0 2 5  C.C. of a n t i s e r u m  t o  o b t a i n  t h i s  
degree o f  eomple.ment a b s o r p t i o n ,  an d  on d i m i n i s h i n g  th e  amount 
,cf a n t i s e r u m  t h e r e  was a  r a p i d  f a l l i n g  o f f  i n  the  amount o f  
complement d e v ia te d .  ( t a b l e  2 0 ) .  W i th  r e p r e s e n t a t i v e s  o f  o t h e r  
t y p i c a l  B. c o l i  v a r i e t i e s ,  t h e  amounts  o f •complement d e v i a t e d  
by d i f f e r e n t  q u a n t i t i e s  o f  a n t i s e r u m  were p r a c t i c a l l y  th e  same 
a s  th o s e  l e v i a t e d  w i t h  th e  No. 2 s t r a i n  of  type  B. 4 .  Thus , 
even by  va ry in g ,  the  amount o f  a n t i s e r u m  no d e m a r c a t io n  c o u l d  
be d e m o n s t r a t e d  i n  the  A su b -g ro u p  be tw ee n ,  f o r  exam ple ,  
ty p es  1 a n d  S- on th e  one liand an d  type  4 on the  o t h e r .  T h i s  
was fo u n d  t o  be t r u e  a l s o  i n  th e  c a s e  of  a n t i s e r a  t o  t y p e s  1 
and  3 o f  sub—g%oup A ( t a b l e s  21 and  2 2 ) ,
E x p é r i m e n t a  were a l s o  c a r r i e d  o u t  i n  w h ic h  the amount o f  
amtiserium was ^ m l n t a l n e d  c o n s t a n t  and  th e  q u a n t i t y  o f  a n t i g e n  
v a r i e d ;  w i t h  t h e  a n t i s e r u m  to  s t r a i n  1 o f  ty p e  1 no 
d i f f é r e n t i a t i o n :  c o u l d  b e  e s t a b l i s h e d  b e tw een  a n o t h e r  type  1 
s t r a i n  a n d  a  s t r a i n  of a  d i f f e r e n t  type  ( t y p e  2) ( t a b l e  2 3 ) .
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0 ,0 2 5  c . c .  A n t i s e r u m  a l o n e  d e v i a t e d  2 D o f  Complement. 
0 .01  ” " ** ” no «
TABLE 2 2 ,
L y s i s  o f  0 . 5  c . c .  bfa s u s p e n s i o n  ox b l o o d  + 5 d o s e s  immune b o d y
Antise rum
to  S t r a i n  B a c i l l a r y  
1, A 3 ,  B. E m u ls io n
Doses of  Complement
Complement 
d e v i a t e d  by  
E m u ls io n
V e s ic u lo s u s s. 0 , 4 c . c . A lo n e ,
2 D. 5 D, 10 D, 15 D, 20 D, 2 D, 5 D, 7 D
0,025 c , c . 0 0 0 0 0
0,01 c . c . 0 0 0 0 0
0,005 c . c . S t r a i n  
1 ,  A 3 
(B .v e s i -
0 0 0 0 0 V ,mk. A l . 
com.
Com
0.001 c . c . c u lo su s ) 0 0 0 0 0
0,0005 c . c . 0 0 Mkd. A l .
c om.
Com,
0,0001 c . c . D i e t . Mkd. Com. . . .  . . .
0,025 c . c . 0 0 Û 0 D i s t , . . .  . . .
0.01 c . c .
S t r a i n  
2 ,  A 3
0 0 D i s t . V.mkd. Com, D i s t . A l . 
com.
Com
0,005 c . c . 0 T race Mkd. Com. Com.
0,001 c . c . T race Mkd. Com. Com. Com,
0.025 c . c . 0 0 0 F . t r . D i s t .
0.01 c . c . S t r a i n  
1,  A 4 
(B .Orun
0 0 D i s t . A l ,
com.
Com. D i s t . A l . 
com.
Com
0.005 c . c . t h a l ) 0 T race V,mkd. Com, Com,
0.001 c . c . T ra c e D i e t . Com, Com. Com.
Table c o n t i n u e d  on n e x t  page
TABLE 2 2 .  ( C o n t d . )
L y s i s  o f  0 . 5  c . c .  5% s u s p e n s i o n  ox b l o o d  » 5 d o s e s  immune b o d y
A ntise rum
to  S t r a i n  B a c i l l a r y  
1, A 3 ,  B. E m u ls io n  
Ves icu losus .  0 . 4  c . c .
Doses o f  Complement.
Complement 
d e v i a t e d  by
E m u ls ion  
A l o n e .
2 D. 5 D. 10 D. 15 D. 20 D. 2 D. 5 D. 7 r
0.025 c . c . ) 0 0 0 V.tr . Mkd.
) S t r a i n  (
0.01 c . c .  ) 1 ,  A 9 
) (B.Bo.
0, 0 T race V.mkd. Com. Dist. A l . C cm 
0 om.
)106 Mc;(
0.005 c . c . j C o n k e y )  
0.001 c . c . )
0 0 D i s t . Com. Com. . . .  . . .
T race D i s t . Com. Com. Com. . . .  . . .
0 .0 2 5  c . c .  A n t i s e r u m  a l o n e  d e v i a t e d  1 D o f  Complement.
0 .0 1  " no
TABLE 2 3 .
L y s i s  o f  0 .5  c . c .  5% s u s p e n s i o n  ox b l o o d  » 5 d o s e s  immune b o d y .
A n t i s e r u m  
B a c i l l a r y  t o  S t r a i n  
Emuls ion .  I , A 1 .
(B.No.71 
McConkey).
Doses  o f  Complement.
Complement 
d e v i a t e d  by  
E m u ls io n  
A lo n e .
0 .0 2 5 c . c .  2 D. 4 D. 7 D. 12 D. 20 D. 2 D, 4 D.
S t r a i n  I ,  
A 1 .
0.2 c . c . 0 0 0 0 F . t r . Com. C om.
0.12 c . c . 0 0 F . t r . F , t r . D i s t . Com, Com.
0.04 c . c . 0 , T rac e Di s t . D i s t . Mkd • Com. Com.
0.02 c . c . 0 D i s t . Mkd. Mkd. Com. Com. Com.
S t r a i n  1 ,  
A 2 .
0 .2  c . c . 0 0 0 0 0 Com. Com,
0.12 c . c . 0 0 0 T race V.Mkd. Com, Com,
0.04 c . c . 0 F . t r . Mkd. Com. Com. Com, Com,
0.02 c . c . T rac e D i s t . V.mkd. Com. Com. Com. Com.
S t r a i n  2 ,  
A 1 .
0.2 c . c . 0 0 0 0 0 Com. Com,
0.12 c . c . 0 0 0 Mkd. Mkd. Com. Com,
0.04 c . c . 0 ' P . t r . T race Mkd. Com, Com, Com.
0.02 c . c . 0 T race A l .
com.
Com. Com, Com, Com.
0 .0 2 5  c . c . A n t i  serum a lo n e  <d e v i a t e d 1 D of  C ompl eme n t .
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d i f f e r e n t  t y p e s ,  and  the  . c l a s s i f i c a t i o n  or  g r o u p i n g  o f  t h e s e  
o rgan ism s .
Group a c t i o n  by  complement d e v i a t i n g  s e r a  h as  b een  
s t u d i e d  i n  o t h e r  b a c t e r i a l  c l a s s e s :  t h u s  S a c q u e p ^  f o u n d  t h a t  
the f o o d - p o i s o n i n g  group  c o u l d  be c l a s s i f i e d  i n t o  two 
sub -g ro u p s  ( E n t e r i t i s  I  and I I ) .  An immune serum to  an  
organ ism  o f  su b -g ro u p  I  r e a c t e d  w i t h  o t h e r  s u b -g ro u p  I  t y p e s  
bu t  n o t  w i t h  o rg an ism s  o f  su b -g ro u p  I I :  s i m i l a r l y  an a n t i s e r u m  
to a  su b -g ro u p  I I  type  r e a c t e d  o n ly  w i t h  o t h e r  o rg a n i s m s  o f  
the  same s u b - g r o u p .
On t e s t i n g  th e  a n t i s e r u m  to  s t r a i n  1 type  4 (B. G r u n t h a l )  
a long  w i t h  a  l a r g e  number o f  d i f f e r e n t  c o l i f o r m  s t r a i n s  
( t y p i c a l  and  a t y p i c a l )  i t  was fo u n d  t h a t  the  g roup  r e a c t i o n  was 
l i m i t e d  t o  a  c e r t a i n  c l a s s .  I f  t h e s e  c o l i f o r m  b a c i l l i  a r e  
d iv ided  up a s  f o l l o w s ,  a s  i n  the  o r i g i n a l  c l a s s i f i c a t i o n  g iv e n  
above (p .  / f  ) :
C o l i f o r m  b a c i l l i
rg a s  p r o d u c i n g
( " a e r o g e n e s " )  
t y p e s .  ,
r
th o s e  t h a t  do n o t  p r o d u c e  
g a s  f rom  any  o f  th e  s u g a r s  
f e r m e n te d  ( " a n a e r o g e n e s * )  
t y p e 8. 
S u b -g ro u p  D.
n o n - i n o s i t e - f e r m e n t e r s I n o s i t e  f e r m e n t e r s  
S ub-g rou p  C.
i n d o l  fo rm in g  
S u b -g r o up A.
n o n - i n d o l - f o r m i n g  
S ub-group  B.
42.
then  s u b -g ro u p  A w i l l  comprise  a l l  t h e  t y p i c a l  v a r i e t i e s ,  e . g . ,
B. MacConkey No. 71, B. c o l i  communis, e t c .  I t  was fo u n d  t h a t  
the group e f f e c t  w i t h  the  A 4 a n t i s e r u m  was l i m i t e d  to  t h e s e  
ty p es ,  i . e . ,  t o  su b -g ro u p  A ; f o r  e x a n p le  w i t h  r e p r e s e n t a t i v e s  
of t h i s  s u b -g ro u p  over  15 d o se s  o f  complement were d e v i a t e d  i n  
the p r e s e n c e  o f  0 .0 2 5  C.C. o f  the  a n t i s e r u m  w h i l e  w i t h  
r e p r e s e n t a t i v e s  o f  the  o t h e r  s u b - g r o u p s  B, C a n d  D, i n  the  
p resen c e  o f  th e  same amount o f  a n t i s e r u m  n o t  more t h a n  5 do ses  
were d e v i a t e d  an d  w i t h  some no d e v i a t i o n  was o b s e r v e d  ( t a b l e  24) 
Borne of  the  s t r a i n s  were t e s t e d  b o t h  w i t h  the  A 4 a n t i s e r u m  
and a l s o  w i t h  t h e  A 3 a n t i s e r u m  an d  th e  r e s u l t s  were f o u n d  t o  
c o r r e s p o n d  ( t a b l e  2 4 ) .  I t  i s  n o t e w o r th y  t h a t  c e r t a i n  
r e p r e s e n t a t i v e s  o f  su b -g ro u p  A whose f e r m e n t a t i v e  r e a c t i o n s  
d id  n o t  c o r r e s p o n d  to  th o se  o f  th e  a c c e p t e d  B. c o l i  t y p e s ,  
d e v i a t e d  i n  th e  p r e s e n c e  o f  0 .0 2 5  C.C . o f  a n t i s e r u m  ov e r  15 
doses o f  complement and  even by  v a r y i n g  th e  amount o f  a n t i  serum 
one c o u ld  n o t  d i f f e r e n t i a t e  them f rom  an A 4 s t r a i n  o t h e r  t h a n  
s t r a i n  1 ,  i . e . ,  the  s t r a i n  u s e d  f o r  im m u n iza t io n  ( t a b l e  2 5 ) ,  
I n c lu d e d  among t h e s e  were two s t r a i n s  w h ic h  a c c o r d i n g  t o  th e  
usua l  c r i t e r i a  would  n o t  have b e e n  c l a s s e d  a s  t y p i c a l  B. c o l i ,  
v i z . ,  two n o n - l a c t o s e - f e r m e n t e r s ,  a n d  a  s t r a i n  w h ic h  o n ly  
fe rm en ted  l a c t o s e  a f t e r  m u t a t i o n ;  t h e s e  s t r a i n s  a l l  p r o d u c e d  
i n d o l .  The f a c t  t h a t  su c h  g r a m - n e g a t iv e  b a c i l l i  behave  i n  
complement de v i a t i o n  e x p e r i m e n t s  w i t h  an a n t i s e r u m  t o  a  s t r a i n  
-O f  t y p i c a l  B, c o l i  s i m i l a r l y  t o  o t h e r  t y p i c a l  o rg an ism s
L y s i s  o l  0 .5  c . c .  o/o s u s p e n s io n  ox Dj.goa 4- ù d o s e s  immune body*
D i f f e r e n t
S t r a i n s
o f
Type 1 1 2  1
t o t i s e r u m  t o  S t r a i n  1 ,  A 4^B. G r u n th a l j
30 11 10
0 .0 2 5  c . c .
3 9 101 54 19 LflL-OS— 12. .22.
B a c i l l a r y  S ub -  A C O C o l i  B B
Emulsion g r o u p  a n a e -
0 .4  c . c .  r o g e -
ne 8 
D
A B B A B A A A A B  A A B C o l i  C B B A A
a n a e -  P a r a -
r o g e -  c o l o n
ne 8 
D
A A B. AI A
p a r a  c o n -  
- t y p h . j u n -  
B c t i -  
va
A
Doses o f  
Gompleme n t
5 D  O J . C .  V. A l . M k O  O A L D L O  J .  0
mk. C. 
6  D 0  C C C
10 D 0 C C C
15 D 0 C 0 C
20 D 0 C C C
C.
Al .Mk. 0 C Mk .  0 
0 C C 0
V .
C 0
G C 0 C C 0





0 0 0 
0 0 0 
0 0 0 
0 0 0
0 0 0 A l . 
G.
0 G C 0 0 G 0 0 0 C . Mk. Tr . C G
Tr. 0 0 C Tr. G C G 0 Ü 0 0 G C A l .
0.
D t . G G
Mk. 0 0 G G G G G 0 0 [o 0 G C C Al.
G.
G G
G 0 00 G G G G G 0 0 1$. 0 G c c C G C
G Tr. . i r . G G G G G 0 0 Q 0 G c G G G G
A n t i s e r u m  t o  S t r a i n  1 ,  A S^B, V e s i c u l o s u s )  — 0 .0 2 b  c . c *
Doses o f
Gonflement. 3 D Dt. V. 
mk.
Dt. Dt. Tr. 0 J .
C.
0 Ü 0 0 0 T r .
■ : • [.
G






Dt. 0 J .
G.
0 0 0 0 Tr. i T r .
!
C
10 D G C C G C 0 J .
C.
0 ù 0 0 Mk. T r . C
15 D G C G G G 0 J .
G.
0 Tr .0 0 G. 1 Mk.
•
G
20 D G G G G G T r . J .
G.
Mk Dt • 0 G 1 mk. C
Mk. T r .  C 
C D t . C 
C 
C
A l .  C 
C.
C C
Compleme n t  
d e v i a t e d  b y  
em uls ion  
a l o n e ,
8D 2D 3D 2D 4D bD 4D bD 4D 3D 2D 4D bD 4D 3D 7D 3D 4D 4D 6D 2D 2D 2D 4D 4DÎ6D 4D 4D 3D 4D 4D 3D 4D
TABLE 25.
A n t ise rum
to S t r a i n  B a c i l l a r y
1, A 4 (B. E m u ls io n .  
G r u n t h a l ) .
Doses of  Complement
Complement 
d e v i a t e d  by 
E m uls io n  
A l o n e .
2 D .  5 D. 10 D. 15 D. 20 D. 2 D .  5 D. 7 D.
0 .025  c . c .  
0 .0 1  c . c .
0 .005  c . c .  
0 .0 0 1  c . c .
(
(
0 . 4  c.Ci( 
S t r a i n  ( 
2, A 4. ( 
Lactose +( 






















Mkd. Com. . . .
«09 009 O«0
OOft oos «♦* 
900 0 0#
0 .025  c . c . ( 0 0 0 . 0 0 Mkd. Com. . . .
0 . 4  c . c(
0 .01  c . c . S t r a i n  ( 0 0 0 Di S t . V.micd. . .0  . . .  . * »
A 12 .  (
0 .005 c . c . Lactose —( 0 T race A l . Com. . . . »  . . .
Adonite —( com.
Inosi te  —(
0 .001  c . c . I n d o l  t ( T r a c e D i s t . A l . # # # . . .  . . .  . . .
{ com.
0 .025 c . c . 0 . 4  c . c ( 0 0 0 0 0 Iilkd. Com.
S t r a i n  (
0 .01  c . c . A 19 .  ( 0 0 0 T race Mkd. 0*0 #00 •**
Lactose + (
0 .005 c . c . a f t e r  ( 0 0 D i s t . Mkd. Com. # # O 0 # #
m uta -  ( '
0.001 c . c . t i o n .  ( 0 D i s t . V.mkd. Com. O 0 0
Adonite — (
In o s i t e —(
I n d o l  +(
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A n t i s e rum
to  S t r a i n  B a c i l l a r y
1, A 4 (B. E m u ls io n .  
G r u n t h a l ) .
Doses o f  Complement.
Complement 
d e v i a t e d  by  
E m u ls i  on 
A l o n e .
' 2 D. 5 D. 10 D. 15 D. 20 D. 2 D. 5 D. 7 L.
0 .025 c . c . 0 . 4  c . c  
S t r a i n
0 0 0 0 0 Mkd. Com. ' « •
0 .01 c . c . A 15.  
Lactose +
0 0 0 0 Trace ♦ # • a « «
0 .005  c . c . Adcnite + 
Inosi te  —
0 0 D i s t . Com. « « « . . .
0 .001  c . c . I n d o l  + 0 Trace Com. 4 « fr . . .
0 .025 c . c .
0 . 4  c . c
0 0 0 0 0 Mk. Com. . . .
O.Ol c . c . S t r a i n  
A 34.
0 0 0 T race Com. . . .
0 .005 c . c . Lactose— 
I n d o l  + 
I n o s i t e -
0 D i s t . V.Mk. A l .
Com.
Com.
0.001 c . c . T race D i s t . Com. Com. Com. . . .
0 ,025 c . c .
0 . 4  c.c .
0 0 0 0 0 * • "
O.Ol c . c . S t r a i n  
A 6 .
0 0 0 , 0 0 Dist. A l .
Com.
Com.
0.005 c . c . Lactose + 
I n d o l  4 
Inosite —
0 0 T race "Al .
Com.
Com. « 4 4
O.OOl c . c . 0 D i s t . Com. Com. Com. 4 # 4 . . .
4 3 .
s t r o n g l y  s u g g e s t s  t h a t  l a c t o s e  f e r m e n t a t i o n  which h a s  a lw ays  
been  c o n s i d e r e d  one o f  t h e  most  i m p o r t a n t  c h a r a c t e r s  o f  B. c o l i  
can h a r d l y  be t a k e n  a s  o f  more im p o r ta n c e  b i o l o g i c a l l y  t h a n  
o th e r  s u ^ a r  r e a c t i o n s .
Among t h e  31 s t r a i n s  o f  s u b - g r o u p s  A, B, C and D examined 
i n  t h i s  way, t h r e e  A t y p e s  (No, 1, IS  and 22) d id  n o t  r e a c t  
c h a r a c t e r i s t i c a l l y  w i t h  t h e  A 4 and A 3 a n t i s e r a ,  i . e . ,  t h e  
group r e a c t i o n  was a b s e n t  i n  t h e  c a s e  o f  t h e  No. 1 and  22
9
s t r a i n s  and  no t  w e l l  marked i n  t h e  c a s e  o f  th e  No. IS s t r a i n  
( t a b l e  2 4 ) .  The No. 22 s t r a i n  was i s o l a t e d  from a  c a s e  of  
c o n j u n c t i v i t i s  i n  which i t  was p r e s e n t  i n  p u re  c u l t u r e ;  t h e  
No. 1 and ^  s t r a i n s  were o f  d i r e c t  f a e c a l  o r i g i n .  On t h e  
o th e r  hand  no r e p r e s e n t a t i v e s  o f  th e  o t h e r  s u b - g r o u p s  B, C and 
D e x h i b i t e d  any r e a c t i o n  w i th  t h e  A 4 and A 3 a n t i s e r a .
B e s u l t s  o b s e r v e d  w i t h  a n  a n t i  serum t o  a  N o . l  t y p e  s u b - g r o u p  B.  
The s p e c i f i c i t y  and group a c t i o n  o f  a n  a n t i  serum t o  a  
s t r a i n  b e l o n g i n g  t o  one o f  t h e  common t y p e s  o f  s u b - g r o u p  B was 
a l s o  i n v e s t i g a t e d .  The a n t i  serum t o  s t r a i n  B 1 
(B. MacConkey No. 74) whose a g g l u t i n a t i n g  p r o p e r t i e s  h ave  
a l r e a d y  b e e n  r e f e r r e d  t o  was employed f o r  t h i s  p u r p o s e .
I t  was found  t h a t  t h e  serum d i s p l a y e d  no s p e c i f i c i t y  
e i t h e r  f o r  the .  i n d i v i d u a l  s t r a i n  or  t h e  ty p e  t o  which  i t  
b e lo n g e d .  I n  f a c t  c e r t a i n  s t r a i n s  o f  o t h e r  d i f f e r e n t  t y p e s  
w i t h i n  t h e  s u b - g r o u p  B e x h i b i t e d  a s  much a f f i n i t y  ( a s  d e te r m in e d  
by complement d e v i a t i o n  t e s t s )  f o r  t h e  serum a s  t h e  s t r a i n  u s e d  
f o r  im m u n iz a t io n  ( t a b l e  2 6 ) .  The group  r e a c t i o n  was s t r i c t l y
TABLE 26.
L y s i s  o f  0 , 5  c . c .  5% o x  b l o o d  s u s p e n s i o n  4 5 d o s e s  immune bol .v
Ddses of  Complement.
A n t i s e rum
to S t r a i n  B a c i l l a r y
3, B 1. E m uls ion
(B, No. 74 0 . 4  c . c .
MacConkey).
Complement 
d e v i a t e d  b; 
E m u ls io n  
A l o n e .
3 D. 5 D. 10 D. 15 L. 20 L. 3 L, 5 D.
0.005 c . c . )
)
0 .001  c . c . )
) S t r a i n
0 0 0 0 0 . . •
0 0 L i s t . A l .
Com.
Com. I'jtk. Com,
)3 ,  B 1 . (
0 ,0005 c . 0.) (B. No. 0 L is  t . Mk. Com. Com.
) 7 4 ,  (
0 .p  01 c . c . )  IbJo nkey ) 
^ )
Trace V.mk. Al .
Com,
Com. Com.
0,025 c . c . )
) S t r a i n
0 0 0 0 0 , . .
0.01 c . c .  ) 2 ,  B 1
) (B. No.
0 0 0 Trace A l ,
Com.
Mk. C om.
)7 4 ,  (
0 .005 c . c . )  McConkay) 
)
0 0 T race A l ,
Com.
Com. « » &
0.005 c . c . )
)
0 .001 c . c . )
) S t r a i n
0 0 0 Trace L i s t . « . #
0 Trace L i s t . Mk, V.mk. V.mk. J u s t
com.
) 1 ,  B 2 . (
0 ,0005 c.c .)
)
)
0 .0001 c .c j  
)
0 Trace îifk. A l .
Com.
Com. 4 • •
Trace Mk. V.mk. J u s t
com.
Com. . . .
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L y s i s  o f  0*5 c . c .  5% ox b lo o d s u s p e n s io n  4- 5 d oses immune bod ' / .
Ant i  serum.
to  S t r a i n  B a c i l l a r y  
5, B 1 .  E m uls ion  
(B. No. 74 0*4 c .c *
Loses o f  Comp l e  TIB n t .
Complement 
d e v i a t e d  by 
E m uls i  on 
Alone *
MacConkey) .
3 L. 5 L. 10 L. 15 L. 20 L* 3 L. 5 D.
0*005 c . c . )  ( 0 
) ( 
0 .001  c . c . )  ( 0 
) (
0 0 0 Trace . . .  . » »
Trace L i s  t . Mk. A l .
Com.
Mk. Corn.
) S t r a i n  (
0 .0005 c . c j ^ s ^ .  ( 0 
)2 ,  B 2. (
) ( 
0*0001 c . c j  (Trace  
) (
Trace Mk. ' J u s t
com.
Com* . . .  . . .
Mk. Al.
Com.
J u s t
com.
Com. * . .  . . .
0 .0 2 5  c . c .  A n t i s e ru m a lo n e d e v i a t e d 1 L of Complement.
l i m i t e d  t o  t y p e s  b e l o n g i n g  t o  the  B s u b -g ro u p .  Thus w i t h  a 
number o f  s t r a i n s  o f  su b -g ro u p  A, C and  D p r a c t i c a l l y  no 
d e v i a t i o n  was o b t a i n e d  ( t a b l e  2 7 ) .
In  th e  case  o f  su b -g ro u p  A i t  was fo un d  t h a t  by d e v i a t i o n  
t e s t s  n o n - l a c t o s e - f e r m e n t e r s  and  o rg an ism s  w h ic h  o n ly  f e r m e n te d  
l a c t o s e  a f t e r  m u ta t io n  c o u ld  be c l a s s e d  a l o n g  w i t h  the  t y p i c a l  
l a c t o s e  f e r m e n t i n g  t y p e s .  In  su b -g ro u p  B n o n - l a c t o s e - f e r m e n t e r s  
(B. p a r a c o l o n  ty p e s )  and  s t r a i n s  w h ic h  d e v e lo p ed  l a c t o s e -  
f e r m e n t i n g  m u ta n t s  (B.’ c o l i  m u t a b i l i s  t y p e s )  c o u l d  n o t  be 
i d e n t i f i e d  w i t h  the  l a c t o s e  f e r m e n t i n g  t y p e s ,  i . e . ,  the  group  
a c t i o n  of  an  a n t i s e r u m  to  a  l a c t o s e  f e r m e n t e r  was l i m i t e d  to  
those  t y p e s  w h ic h  f e r m e n te d  l a c t o s e  in  p r i m a r y  c u l t u r e .
As a  r e s u l t  o f  t h e s e  s e r o l o g i c a l  f i n d i n g s  some i n d i c a t i o n  
has been  e l i c i t e d  of  the  b i o l o g i c a l  g r o u p in g  o f  the  d i f f e r e n t  
c u l t u r a l  t y p e s  o f  c o l i f o r m  b a c i l l i .
The r e s u l t s  may be summarized a s  f o l l o w s : -
In  s u b -g ro u p  A ( g a s - f o r m i n g ,  i n d o l  +, i n o s i t e  — , 
g e l a t i n  — ) a s  d e te r m in e d  by t e s t s  w i t h  a n t i s e r a  t o  t y p e s  i ,
2, 3 and 4 t h e r e  i s  a  h ig h  degree  o f  s p e c i f i c i t y  o f  the  
a g g l u t i n i n  f o r  the  i n d i v i d u a l  s t r a i n  u se d  f o r  im m u n iza t ion ,  
b u t  no e v id e n c e  o f  s p e c i f i c i t y  f o r  th e  ty p e ,  o r  g roup  a c t i o n  
towards o t h e r  o rg an ism s  of  the  s u b - g r o u p ;  t h e r e  i s  a r e l a t i v e
TABLE 27
L y s i s  o f  0 * 5  c . c .  5/: ox b l o o d  s u s p e n s i o n  » 5 d o s e s  immune b o d y
A n t i s e rum
to S t r a i n  B a c i l l a r y
3, B 1 E m uls ion
(B. No. 74 0 . 4  c . c .
MacConkey).
L o ses  o f  Complement.
Complement 
d e v i a t e d  by 
E m uls i  on 
A l o n e .
3 L. 5 L. 10 L, 15 L. 20 L. 3 L, 5 L.
0 ,05  c . c . )
) S t r a i n
0 0 , 0 0 T race . . .
0 .025  c . c . ) 2 ,  B 1 
) (B. No,
0 0 F. t r . L i s t . Mk. Mk. Com.
0,01  c . c . ) 74
) (McContey)
0 0 L i s t . V. mk. Com. . . . . . . .
0 .005  c . c . ) 0 Trace m . Com. Com.
0.05  c . c . )
)
)
) S t r a i n
0 0 0 0 L i s t .
0 .025 c . c . 0 0 Trace L i s t . Mk. V .mk. Com.
0.01 c . c . ) o f  B 3. 
)
)
0 T race L i s t . Mk. Com. • • 0 . . .
0 .005 c . c . 0 L i s t . V.mk. Com. C om. • • •
0 ,05 c . c . )
)
)
) S t r a i n  
) o f  B 10.
0 0 0 0 0 • • • • . .
0 .025 c . c . 0 0 0 T race L i s t . L i  S t . J u s t
Com.





0 0 T race L i s t . A l .
Com.
. . .
0.005 c . c . 0 Trace L i s t . A l .
Com.
Com. • . .
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TABLE 2 7. ( C o n t d . )
L y s i s  o f  0* 5_ c . c . 5% ox b l o o d  s u s p e n s i o n  + 5 d o s e s  immune bod?
Anti  s e rum
to S t r a i n  B a c i l l a r y
3, B 1 E m uls ion
(B. No. 74 0 . 4  c . c .
(MacConkey) .
Loses  of  Complement
Complement 
d e v i a t e d  by 
E m u ls io n  
A lo n e .
3 D. 5 L. 10 D. 15 L. 20 L. 3 L. 5 L.





0 0 0 0 • • •
0.025 c . c .
S t r a i n  
o f  B 10.
0 0 0 L i s t . Li  s t . J u s t
Com.
0.01 c . c . ( 0 
(
( 0
0 L i s t . îiûc. V.mk. . . .
0.005 c . c . Trace L i s t . V.mk. Com. . . .
0 .05 c . c . S t r a i n  
o f  B 9.
( 0 
(
0 0 0 0 Mk, Com.
0.05 c . c . S t r a i n  
of  B 4.
( 0 
(
0 0 0 0 Mk. Com.
0.05 c . c . S t r a i n  (Ivlit. 
A 1, B. (
No. 71 ( 
McConkey) (
Com. Com. Com. Com. Mk. Com.
0.05 c . c . S t r a i n  
o f  A 6 
n e a p o l i -  





Com. Com. Com. Com. V.mk* Com,
TABLE 27 . ( C o n t i . ) .
An t i  sérum 
to S t r a i n  
3, B '1 
(B, Ne. 74 
(MacConkey
B a c i l l a r y  
E m uls i  on 




d e v i a t e d  by  
E m u ls io n  
A l o n e .
3 I f . 5 Do 10 Do, 15 D, 20 D. 3 D. 5 D.




) c o l i  (
) cominunis(
Corn. Ccfn. Corn. Com. A l .
Com.
Com.
0.05 c . c . ) S t r a i n  
) o f  C 1 .
[ m .
(
C om. Corn. Corn. Com.  ̂ Mk. J u s   ̂
Com.
0.05 c . c . ) S t r a i n  
) o f  C 2.
(lîk.
(
Corn. Corn. Corn. Com. Mk. Com.
0.05 c . c . ) S t r a i n  
) o f  D ô 
) C o l i  
) A n aero -  






Corn. ' Corn. Cpm. Com. Mk. Com.
0.05 c . c . )B. p a r a - ( D i s t .  
) t y p h o s u s (
Mk. Corn. Corn. Coir. Mk. Com.
0.025 c . c . )B .
1
)
(Mk. A l .
Com.
Corn. Corn. Com.
0.01 c . c . (V.mk. Com. •  •  • * * •
ABLia 37.  ( C o n t i . )
A n t i s e rum 
to S t r a i n B a c i l l a r y
Complement 
Doses of  Complement.  d e v i a t e d  by
3, B 1 E m u ls i  on E m u ls io n  '
(B. No. 74 0 . 4  c . c . Alone .
MacConkey).
3 D. 5 D. 10 D, 15 D. 20 D. 3 D. 5 D.
0.05 c . c . ) S t r a i n  
) of  p a r a -  
) c o lo n
D i s t . TÆk. A l .
Com.
Com. Com.
0.025 c . c . ) b a c i l l u s  
) Lactose — 
) I n d o l  —
D i s t . V.mk. Com. Com. Com. J u s t  ■ 
Com.
0»01 c . c . ) Inosite — 
) Oluco «e +
Mk. V.mk. Com. Com. Com. . . .
0.Q05 c . c . )B  101. Mk. Com. Com. Com. Cora. . . .
0.05 c . c . )
)
) S t r a i n
Trace Di s t . A l .
Com.
Com. Com. • . .
0.025 c . c . ) o f
) p a r a -  
) c o lo n
D i s t . Mk. J u s t
Com.
Com. Com. Com.
0,01 c . c . ) b a c i l l u s  
)B 103.
D i s t . V. mk. Com. Com. Com.
0.005 c . c . ) Dis t .!
Com. Com. Com. Com.
0.05 c . c . )
)




0.025 c . c . ) o f  B.
) c o l i  
) m u ta b i l i s
V.mk. Com. Com. Com. Com. J u s t
Com,
Com.-
O.Ol c . c . )B 103 
Xhel" ore
V.mk. Com. Com. Com. Com.
0.005 c . c . ) m u t a t i o ^  
)
J u s t
Com.,
Com. Com. Com. Com.
2JLLJj£ont(iU.
L y s i s  o f  Q t5  c . c .  5% ox b l o o d  s u s p e n s i o n  t  5 d o s e s  immune body
Antise rum
to S t r a i n  B a c i l l a r y
3; B. 1 E m uls ion
(B. No. 74 0 . 4  c . c .
MacConkey).
Loses  of  Complement
Complement 
d e v i a t e d  by 
Em uls ion  
Alone*
3 D. 5 D. 10 D. 15 L. 20 L. 3 D, 5 D,
0,05 c . c .  ) S t r a i n  (Mk. Com. Com. Com. Com. J u s t  Com.
) o f  B 105( , Com.
)Lac t o s e « (  
)4" a f t e r  ( 
' )  m uta -  ( 
) t i o n ) . ( 
) I n o s i t e  —( 
) I n d o l  -  (
'
0.05 c . c . S t r a i n  (V.mk. Com. Com. 
o f  B. (
L a c t o s e —(
(4- a f t e r ( 
mut a t  i  on) ( >
Inosi te  —(
I n d o l  -  (
B. 102.  (
Com. Com. . J u s t  Com.
Com.
0.05 C. C- . B.proteus(Mk. Com. Cbm. Com. Com, J u s t  Com. 
Com.
0 .0 5  c . c .  o f  A n t i s e r u m  a lo n e  d e v i a t e d  1 L o f  complement.
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s p e c i f i c i t y  o f  th e  complement d e v i a t i n g  immune bodv,  a s
3
d e te rm ined  w i t h  a n t i  s e r a  t o  t y p e s  l ^ a n d  0 ,  f o r  th e  i n d i v i d u a l  
s t r a i n  b u t  n o t  f o r  the  c u l t u r a l  t y p e ;  t h e r e  i s ,  ho w ev er , a  
wel l  marked g roup  r e a c t i o n  l i m i t e d  t o  s t r a i n s  o f  t h e  s u b - g r o u p  
i r r e s p e c t i v e  o f  o t h e r  c u l t u r a l  r e a c t i o n s  ( e . g . ,  l a c t o s e ,  
d u l c i t e ,  s a c c h a r o s e ,  i n u l i n ,  f e r m e n t a t i o n ,  m o t i l i t y )  a n d  n o t  
e x te n d in g  t o  th e  B, C or  D s u b - g r o u p s ,  B. p a r a  ty p h o s u s  B, o r  
B. p r o t e u s .
I n  s u b - g r o u p  B a s  d e t e r m i n e d  by  o b s e r v a t i o n s  w i t h
a n t i s e r a  t o  t y p e s  1 a n d  2, ...l it: a. rnnrw.i.ui l:mi -
is 'taUit^eci, 
^ s p e c i f i c i t y  o f  a g g l u t i n a t i n g  a n t i s e r a  .felia.. i n d i v i d u a l  e
/f
b u t^ n o t  c o m p le te  s p e c i f i c i t y  f o r  t h e  c u l t u r a l  t y p e ;  t h e r e  i s  
absence o f  r e l a t i v e  s p e c i f i c i t y  o f  the  complement d e v i a t i n g  
a n t ib o d y  ( a n t i s e r u m  to  type  1) f o r  the  i n d i v i d u a l  s t r a i n  and 
the group r e a c t i o n ,  a s  f a r  a s  my o b s e r v a t i o n s  go i n  th e  c a s e  o f  
the t y p e s  t e s t e d ,  i s  l i m i t e d  to  the  l a c t o s e - f e r m e n t i n g  t y p e s  
and does n o t  e x t e n d  t o  th e  A, C o r  D s u b - g r o u p s ,  the  non-  
l a c to s e  f e r m e n t i n g  t y p e s  of the  B su b -g ro u p ,  th e  t y p e s  w h ich  
only f e r m e n te d  l a c t o s e  a f t e r  m u ta t io n ,  B. p a r a t y p h o s u s  B o r  
B, p r o t e u s *
W hile  among th e  i n d o l  i n o s i t e  — , g a s  -f- t y p e s  
l a c to s e  f e r m e n t a t i o n  a p p e a r e d  o f  no more s i g n i f i c a n c e  t h a n  
C e r ta in  o t h e r  r e a c t i o n s ,  i n  the  c a se  o f  the  i n d o l  — 
i n o s i t e  — gas  4-  t y p e s ,  the  lac to .s e  f e r m e n t i n g  t y p e s  seemed
46
to be s e p a r a t e l y  g ro up ed  a s  a p a r t  f rom  the  n o n - l a c t o s e - f e r m e n t e r s  
and th o se  w h ic h  o n ly  f e r m e n te d  l a c t o s e  a f t e r  m u ta t io n *
A lso  i n  th e  c a se  o f  two t y p e s  o f  n o n - l a c t o s e - f e r m e n t e r s  
of the  B s u b - g r o u p  e x a c t  s p e c i f i c i t y  o f  t h e  a g g l u t i n i n  f o r  th e  
type or s p e c i e s  was n o t e d  a n d  t h i s  a l s o  d i f f e r e n t i a t e d  t h e s e  
organisms f rom  the  l a c t o s e  f e r m e n t i n g  t y p e s .
The c o m p a r a t iv e  r e s i s t a n c e  t o  b r i l l i a n t  g r e e n  of  d i f f e r e n t  
types  of  c o l i f o r m  b a c i l l i  w i t h  r e f e r e n c e  to  the  c l a s s i f i c a t i o n  
of th e s e  o r g a n i s m s .
I n  th e  c o u r s e  o f  c e r t a i n  o b s e r v a t i o n s  on the  e n r i c h m e n t  ,cf 
B. ty p h o su s  by  c u l t u r e  f rom  f a e c e s  i n  f l u i d  media  c o n t a i n i n g  
b r i l l i a n t  g r e e n  (Browning,  Gilmour and  Mackie) i t  was n o t e d  t h a t  
d i f f e r e n t  t y p e s  o f  B. c o l i  e x h i b i t e d  d i f f e r e n t  d e g r e e s  o f  
s u s c e p t i b i l i t y  t o  t h i s  c h e m ic a l .  The ” t y p i c a l  ” v a r i e t i e s  
( sub-group  A t y p e s  1, 2, 3, e t c . )  were c o m p l e t e l y  i n h i b i t e d  i n  
t h e i r  g row th  on c u l t u r e  medium, by  c o n c e n t r a t i o n s  o f  b r i l l i a n t  
green w h ich  had  no e f f e c t  on B. t y p h o s u s ,  b u t  i t  was n o t e d  t h a t  
the i n o s i t e  f e r m e n t e r s  ( su b -g ro u p  C) on the  c o n t r a r y  e x h i b i t e d  
a r e s i s t a n c e  t o  the  dye g r e a t e f  even  t h a n  t h a t  o f  th e  t y p h o i d  
b a c i l l u s .
As t h i s  a p p e a r e d  t o  be a  s t r i k i n g  d i f f e r e n c e  be tw ee n  two 
B. c o l i  s u b - g r o u p s  a l r e a d y  c l a s s i f i e d  s e p a r a t e l y  on an  e n t i r e l y  
d i f f e r e n t  b a s i s ,  t h e r e  seemed some l i k e l i h o o d  t h a t  the  s t u d y  o f
4 7 .
the  b e h a v i o u r  o f  d i f f e r e n t  c o l i f o r m  ty p e s  to w a rd s  t h i s  dye 
might th ro w  some f u r t h e r  l i g h t  on t h e  b i o l o g i c a l  r e l a t i o n s h i p s  
of th e  v a r i o u s  c u l t u r a l  t y p e s .
For t h i s  p u r p o s e  a  s e r i e s  o f  r e p r e s e n t a t i v e  s t r a i n s  f rom 
the f o u r  su b g ro u p s  were t e s t e d  as r e g a r d s  t h e  i n h i b i t i o n  p f  
t h e i r  g ro w th  on p e p t o n e - w a t e r - a g a r  by d i f f e r e n t  q u a n t i t i e s  o f  
b r i l l i a n t  g r e e n  i n c o r p o r a t e d  i n  t h e  medium.
The c o n c e n t r a t i o n s  o f  t h e  dye t e s t e d  were  0 . 1 6 ,  0 . 2 2 ,  0 . 3 2 ,  
0.42 0 . 0 .  o f  a  1 :1 0 ,0 0 0  w a te r y  s o l u t i o n  i n  10 C.C. o f  t h e  
medium.
E m uls ion s  o f  t h e  v a r i o u s  o rg an ism s  were p r e p a r e d  i n  s t e r i l e  
s a l t  s o l u t i o n ,  o f  s u c h  d e n s i t y  t h a t  t h e  f l u i d  showed a mere 
t r a c e  o f  t u r b i d i t y  t o  t h e  e y e ,  and c u l t u r e s  were  made by t a k i n g  
one l o o p f u l  o f  t h e  em u ls io n  and s p r e a d i n g  i t  on t h e  medium i n  
s t ro k e  fo rm (o n e  s t r o k e  o n l y ) .  On o r d i n a r y  medium t h i s  i n o c u l ­
a t i o n  p r o d u c e d  an  ab undan t  l i n e  o f  g row th  a lo n g  t h e  n e e d l e  t r a c t .  
One p l a t e  was,  o f  c o u r s e ,  u s e d  t o  accommodate s e v e r a l  s t r o k e s  
from d i f f e r e n t  o r g a n i s m s .
The p l a t e s  were i n c u b a t e d  f o r  48 h ou rs  and r e a d i n g s  were 
made a f t e r  24 and 48 h o u r s .
With two e x c e p t i o n s ,  a l l  t h e  s u b -g ro u p  A o rg an ism s  t e s t e d  
p r o v e d . r e l a t i v e l y  s u s c e p t i b l e  ( as cpmpared w i t h  B. t y p h o s u s  ) 
to  th e  dye , i n c l u d i n g  n o n - l a c t o s e - f e r m e n t e r s  ( t a b l e  28 ) ,  
the  e x c e p t i o n s  were ( I )  a  s t r a i n  o f  t y p e  9 and (2) a  s t r a i n  
of type  22 ( i s o l a t e d  from a c ase  o f  c o n j u n c t i v i t i s  ) ;
TABLE 2 3 .
B r i l l i a n t  Green  1 : 1 0 , 0 0 0  w a t e r y  s o l u t i o n  p e r  10 c . c #
p e p t o n e - w a t e r - a g a r .
O b s e r v a t i o n s  a f t e r  24 h o u r s  i n c u b a t i o n .
S t r a i n s  o f 1 2  3 4
0 ,1 6  c . c .  0 .2 2  c . c .  0 .3 2  c . c .  0 .4 2  c . c
Sub-group A.
Type 1 (B.MacConkey 
N o .71)
" 3 ( B . v e s i c u l o s u s )
” 3
« 5 ( B . S c h a f f e r ! )
** 1
6 ( N e a p o l i t a n u s )  % 




" 3 0  
" 2
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TABLE 28 , (C o n td . )
S t r a i n s  o f 1 2 3 4
0).16 0 ,0 . 0 .2 2  c . c . 0 .3 2  c . c . 0 .4 2  c . c .
Sub- group B,
Type 101 ( p a r a c o l o n ) - -
« 104 - - - -
If 103 ( p a r a c o l o n ) ' -  ̂ ' - - -
II 106 - , - -
# 103 d e v e lo p e d  
l a c t o s e  
f e r m e n t i n g  
m u ta n t
4444 4444 +444
II 102 d e v e lo p e d  
l a c t o s e  
f e r m e n t i n g  
m u ta n t
+++4 4444 + 444 4444
II 105 l a c t o s e
f e r m e n t i n g
m u ta n t
+ 4+ + 4444 44ff. 4+44
n 102 L a c t o s e
f e r m e n t i n g




n 103 l a c t o s e
f e r m e n t i n g
m u ta n t
4+44 ‘ 4444 4444 4444
Sub- group  C.
Type 1 444+ 4444 4444 + 444
n 2 44 + 4 4444 + 4+4 4444
M 5 t  + 44 +444 4444 4444
M 1 4444 4444 4444 4 + 44
TABLE 2 8 .  ( C o n t d . )













0*16 c . c .  0*22 c . c .  0*32 c . c .  0*42 c . c
+ +++ 
+ f + +
+ » + +
4
f f  + + 
+ + + +
+ + + +
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a n o t h e r  s t r a i n  of type  9,  however, c o r r e s p o n d e d  i n  i t s  b e h a v i o u r  
to the  o t h e r  A ty p es*  I t  i s  n o t e w o r th y  t h a t  t h e s e  two s t r a i n s  
a l s o  d i f f e r e d  i n  th e  complement d e v i a t i o n  e x p e r i m e n t s  f rom  o t h e r  
A types*
The s t r a i n s  o f  su b -g rou p  B showed some v a r i a t i o n  i n  t h e i r  
r e s i s t a n c e  t o  b r i l l i a n t  g re e n  a s  m igh t  have b e en  e x p e c t e d  f ro m  
the b i o l o g i c a l  d i f f e r e n c e s  e l i c i t e d  by  th e  s e r o l o g i c a l  t e s t s .
Those b e l o n g i n g  t o  th e  s e r i e s  1 -11  ( f e r m e n t i n g  l a c t o s e  
in  p r i m a r y  c u l t u r e )  a l l  showed a  h i g h e r  deg ree  o f  r e s i s t a n c e  
to  the dye t h a n  th e  A t y p e s  and e q u a l  to  or  s l i g h t l y  g r e a t e r  
than t h a t  o f  B. typhosus*  Those t y p e s  w h ich  d e v e lo p e d  l a c t o s e -  
f e rm e n t in g  m u ta n t s  e x h i b i t e d  a  h i g h  deg ree  o f  r e s i s t a n c e ,  i . e . ,  
much g r e a t e r  t h a n  t h a t  o f  s e r i e s  1 -1 1  or  B. t y p h o s u s ,  w h i l e  the  
p a r a c o l o n  t y p e s  were a p p a r e n t l y  l e s s  r e s i s t a n t  even  t h a n  th e  A 
types*
I n  the  B s u b - g r o u p ,  t h e r e f o r e ,  the  v a r i o u s  t y p e s  c o u l d  be 
c l a s s i f i e d  i n t o  3 c a t e g o r i e s  a c c o r d i n g  t o  t h e i r  r e s i s t a n c e  to  
b r i l l i a n t ^ c o r r e l a t e d  w i t h  c e r t a i n  c u l t u r a l  c h a r a c t e r s  and 
r e a c t i o n s *
I n  t h e  C s u b -g ro u p  a l l  the  s t r a i n s  t e s t e d  e x h i b i t e d  a  
h igh  r e s i s t a n c e  t o  b r i l l i a n t  g r e e n ,  e q u a l  to  t h a t  shown b y  th e  
m u ta t in g  s t r a i n s  o f  su b -g ro u p  B.
I n  t h e  Jj su b -g ro u p  t h e r e  was some v a r i a t i o n  i n  the  
s u s c e p t i b i l i t y  o f  d i f f e r e n t  t y p e s ,  b u t  th e  number o f  s t r a i n s
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a v a i l a b l e  f o r  t e s t i n g  was too  l i m i t e d  to  draw any  i n f e r e n c e s  
from the  r e s u l  ts»
These f i n d i n g s  c o r r e l a t e d  w i t h  the  s e r o l o g i c a l  o b s e r v a ­
t io n s  a r e  o f  c o n s i d e r a b l e  i n t e r e s t ;  f rom  the  s e r o l o g i c a l  
s tudy ,  i t  was c o n c lu d e d  t h a t  th e  gas  , i n d o l  - 4- , i n o s i t e  — 
tJTP®s c o u l d  be g ro u p ed  t o g e t h e r  a p a r t  f rom  th e  o t h e r  o rg a n i s m s  
of the  B. c o l i  group» The t e s t s  c a r r i e d  ou t  w i t h  t h e s e  
organisms g ro w in g  on b r i l l i a n t  g r e e n  media  a l s o  show th e  
s t r i k i n g  d i s t i n c t i o n  b e tw een  o rg an ism s  o f  the  s u b - g r o u p  A on
the one hand  a n d  th e  C t y p e s  and a l s o  c e r t a i n  of  th e  B t y p e s
on the  o t h e r .
While  t h e  A t y p e s  ( w i t h  few e x c e p t i o n s )  a r e  a l l  more or  
l e s s  s i m i l a r  i n  t h e i r  b e h a v i o u r  and  th e  same i s  a l s o  t r u e  f o r  
the C t y p e s ,  v a r i o u s  B a n d  35 t y p e s  behave  d i f f e r e n t l y .
I n  th e  B su b -g ro u p  th e  l a c t o s e - f e r m e n t e r s  were
d i f f e r e n t i a t e d  s e r o l o g i c a l l y  f rom the  p a r a c o l o n  v a r i e t i e s  and  
those w h ich  o n ly  f e r m e n te d  l a c t o s e  a f t e r  m u t a t i o n ;  i n  th e  
b r i l l i a n t  g r e e n  r e s i s t a n c e  t e s t s  a  c o r r e s p o n d i n g  d i f f e r e n c e  was 
e s t a b l i  sh e d .
These e x p e r i m e n t s ,  t h e r e f o r e ,  a p a r t  f rom  the  p r a c t i c a l  
b e a r i n g  t h e y  had i n  c o n n e c t i o n  w i t h  th e  b r i l l i a n t  g re e n  
en r ichm en t  p r o c e s s  f o r  t h e  i s o l a t i o n  o f  B* ty p h o s u s  were o f  
c o n s i d e r a b l e  i n t e r e s t  i n  c o r r e l a t i o n  w i t h  th e  p r e v i o u s  work 
on the  c l a s s i f i c a t i o n  o f  th e  B. c o l i  g ro u p .
V/RIATIOF AKQFO TirS COLiyOIiH BACILLI 
V a r i a t i o n  i n  Gas P r o d u c t i o n .
Among t h e s e  o rg an ism s  c e r t a i n  a n o m a l i e s  have b e en  n o t e d  
as r e g a r d s  t h i s  p r o p e r t y  (Mair, W ilson  and  o t h e r s ) ;  t h u s ,  
s t r a i n s  when f i r s t  i s o l a t e d  may show com ple te  a b se n c e  of  g a s  
p r o d u c t i o n ,  b u t  on r e p e a t e d  s u b c u l t u r e  deve lop  t h i s  p r o p e r t y .  
R e fe ien ce  has  a l r e a d y  been  made to  s t r a i n s  o f  p a r a c o l o n  
b a c i l l i  (p .  5. /  ) w h ich  i n  p r i m a r y  c u l t u r e  s i m u l a t e d
B. ty p h o su s  i n  t h e i r  c u l t u r a l  r e a c t i o n s .  The p o s s i b i l i t y  o f  
t h i s  v a r i a t i o n  must be c o n s i d e r e d ,  t h e r e f o r e ,  i n  th e  p r a c t i c a l  
i d e n t i f i c a t i o n  of i n t e s t i n a l  b a c i l l i ,  A B. p a r a t y p h o s u s  A in  
the f i r s t  c u l t u r e s  made a f t e r  i s o l a t i o n  may show com ple te  
absence o f  g a s  p r o d u c t i o n  and  i f  i t  o n ly  f e r m e n t s  d u l c i t e  
slowly a s  i s  o f t e n  the  c a s e ,  i t  may t h u s  s i m u l a t e  B. t y p h o s u s  
in c u l t u r a l  c h a r a c t e r s .  B. i y s e n t e r i a e  S h ig a  may a l s o  be 
s im u la te d  by  a  n o n - m o t i l e  o rgan ism  which  a f t e r  r e p e a t e d  
s u b c u l tu r e  f e r m e n t s  g lu c o s e  w i t h  gas  p r o d u c t i o n ,  t h o u g h  i n  
p r im ary  c u l t u r e  i t  p r o d u c e s  no gas  ( o f  g l u c o s e ,  l a c t o s e ,  
d u l c i t e ,  s a c c h a r o s e ,  m a n n i te ,  m a l t o s e ,  o n ly  g lu c o s e  f e r m e n t e d ) .
My a t t e n t i o n  was f i r s t  drawn t o  t h i s  v a r i a t i o n  by  the  
occurrence  o f  a  s t r a i n  o f  B. c o l i  (B 1) w h ich ,  when t e s t e d  
s h o r t l y  a f t e r  i s o l a t i o n  p ro d u c e d  gas  f rom d u l c i t e  o n ly  an d  when 
r e t e s t e d  a f t e r  a  m o n th ' s  c u l t u r e  was found  to  have a t t a i n e d  the  
power o f  p r o d u c i n g  gas  f rom  l a c t o s e  and  s a c c h a r o s e  th o u g h  s t i l l
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n o n - g a s - p r o d u c i n g  i n  g l u c o s e .  L a t e r  i t  a l s o  a c q u i r e d  th e  power 
of f e r m e n t i n g  g l u c o s e  w i t h  gas  f o r m a t i o n .
Though t h e  a b sen c e  o f  g a s  p r o d u c t i o n  i n  t h e  c ase  of 
B* ty p h o su s  a n d  B. d y s e n t e r i a e  i s  known t o  be a  s t a b l e  
c h a r a c t e r  o f  t h e s e  o rg a n is m s ,  th e  q u e s t i o n  a r o s e  a s  to  w h e th e r  
" a n a e ro g e n e s  " t y p e s  o f  c o l i f o r m  b a c i l l i  s i r p l y  r e p r e s e n t e d  
v a r i a n t  s t r a i n s  o f  a e r o g e n e s  t y p e s .
While  c e r t a i n  s t r a i n s  have been  n o t e d  w h ich  im m e d ia t e l y  
a f t e r  i s o l a t i o n  p ro d u c e d  no g a s  f rom  any of the  s u g a r s  
fe rm en ted  ( e . g .  B 1 0 1 ) ,  i t  was fo u n d  t h a t  i n  many c a s e s  gas  
p r o d u c t i o n  was o n ly  a b s e n t  i n  c e r t a i n  o f  th e  su g a r  t e s t s  
( e .g .  s t r a i n  o f  B 1 q u o te d  a b o v e ) i  A lso ,  a s  a  g e n e r a l  r u l e ,  
such o rg an ism s  a f t e r  a  few s u b c u l t u r e s  q u i c k l y  d e v e lo p e d  th e  
p r o p e r t y  o f  g a s  p r o d u c t i o n ,  i . e . ,  the  c h a r a c t e r  seemed t o  be 
only in  a b e y a n c e .  On th e  o t h e r  hand the  v a r i o u s  s t r a i n s  
c l a s s i f i e d  a s  ” a n a e r o g e n e s  ** ( s u b -g ro u p  B) even  a f t e r  
r e p e a t e d  s u b c u l t u r e  and  a f t e r  b e i n g  k e p t  i n  a r t i f i c i a l  g r o w t h  
fo r  lo n g  p e r i o d s ,  s t i l l  r em a in e d  n o n - g a s - p r o d u c i n g .
I t  has  b e e n  shown by P e n f o l d  t h a t  by  g row ing  B. c o l i  on 
m o n o c h lb r a c e t i c  a c i d  a g a r  a  v a r i a n t  s t r a i n  c o u l d  be  s e l e c t e d  
out w h ich  d i f f e r e d  from th e  o r i g i n a l  i n  t h e  a b s e n c e  o f  g a s  
fo rm a t io n  i n  c e r t a i n  s u g a r s .  W ith  a  v iew  t o  d e t e r m i n i n g  the  
p o s s i b i l i t y  o f  t r a n s m u t i n g  an a e r o g e n e s  type  i n t o  an 
an ae rog en es  v a r i e t y ,  c e r t a i n  B. c o l i  s t r a i n s  were s u b m i t t e d  to  
P e n f o l d ' s  p r o c e d u r e .
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jÆethod :  th e  m c n o c h l o r a c e t i c  a c i d  was made up i n  a  10%  w a t e r y  
s o l u t i o n  a n d  a f t e r  h a v in g  been  made s l i g h t l y  a l k a l i n e  to  
l i tm u s  by a d d in g  sodium c a r b o n a t e ,  was s t e r i l i z e d  by 
f i l t r a t i o n  t h r o u g h  a  l ia a s se n  f i l t e r .  The s o l u t i o n  was t h e n  
i n c o r p o r a t e d  i n  a  2% p e p t o n e - w a t e r - a g a r  i n  m easu red  
p r o p o r t i o n s .  The p e r c e n t a g e s  i n d i c a t e d  be low  a r e  e x p r e s s e d  
in  terms o f  the  amount o f  the  a c i d  in  the  q u a n t i t y  o f  medium 
used f o r  p l a t i n g .
In  t h e  f i r s t  e x p e r im e n t  a  s e r i e s  o f  p l a t e s  e a c h  o f  
10 C.C. o f  m o n o c h l o r a c e t i c - a c i d - a g a r , t h e  a c i d  b e i n g  i n  the  
f o l lo w in g  p r o p o r t i o n s : -
1 2 3 4
0 .0 5 ^  0 .1 %  0 .5 %  1 .0 %
were i n o c u l a t e d  w i t h  a  t y p i c a l  B* c o l i  communis s t r a i n .  On 
p l a t e  1 a  no rm al  amount o f  g ro w th  was o b t a i n e d  b u t  the  
c o lo n ie s  v a r i e d  c o n s i d e r a b l y  i n  s i z e .  On p l a t e  2 t h e  d i f f e r e n c e  
in  the s i z e  o f  th e  c o l o n i e s  was more marked and  many of  th e  
l a r g e r  c o l o n i e s  showed p a p i l l a e  a s  d e s c r i b e d  b y  P e n f o l d .  On 
p l a t e s  3 and  4 no g ro w th  appeared*  A s u b c u l t i v a t i o n  on 
o r d in a r y  a g a r  was made f rom  a  l a r g e  c o lo n y  on p l a t e  2 ,  and  
from t h i s ,  p l a t e s  c o n t a i n i n g  th e  f o l l o w i n g  c o n c e n t r a t i o n s  
of m o n o c h l o r a c e t i c  a c i d  were i n o c u l a t e d  a s  b e f o r e .
1 2 3 4 5
0.2%> 0 .5 %  0 .4 %  0 .5 %  0 ..7%
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On a l l  t h e s e  p l a t e s  a b u n d an t  g row ths  were o b t a i n e d  and a l l  the  
c o lo n i e s  were o f  th e  l a r g e  type  ; A s u b c u l t i v a t i o n  was a g a i n  
made on o r d i n a r y  a g a r  f rom p l a t e  5 and f rom  t h i s , p l a t e s  
c o n t a i n i n g  th e  a c i d  i n  s t i l l  h i g h e r  p r o p o r t i o n s  were i n o c u l a t e d :
1 2  3
0 . 5 ^  Ifo 2%
Growth was a b u n d a n t  on p l a t e s  1 and 2 ;  i n  th e  c a s e  o f  p l a t e  3 
the g ro w th  was s lo w e r  i n  a p p e a r i n g ,  b u t  u l t i m a t e l y  a  few l a r g e  
c o lo n i e s  d e v e lo p e d .  Thus a m o n o c h l o r a c e t i c  a c i d  r e s i s t a n t  
s t r a i n  was s e l e c t e d  ou t  and  s u b c u l t u r e s  on o r d i n a r y  medium 
when t e s t e d  were fo u n d  to  p r o d u c e :
a c i d  o n ly  f rom  g l u c o s e ;  
a c i d  and  c o n s i d e r a b l y  r e d u c e d  amount 
o f  ga s  f rom l a c t o s e ;
D i t t o ,  f rom g a l a c t o s e ;  
a c i d  and g a s  ( i n  a  s l i g h t l y
r e d u c e d  amount) f rom d u l c i t e ;
D i t t o ,  f rom  m a n n i t e .
A s i m i l a r  t e s t  was c a r r i e d  ou t  w i t h  a  su b -g ro u p  A type  1
«
s t r a i n ;  the  s e l e c t e d  s t r a i n  c a p a b le  o f  g row ing  on 2 . 5 ^  
m o n o c h lo ra c e t i c  a c i d  a g a r  showed a l s o  a b se n c e  o f  g a s  p r o d u c t i o n  
in  g l u c o s e ,  c o n s i d e r a b l y  r e d u c e d  g a s  p r o d u c t i o n  i n  l a c t o s e  and 
g a l a c t o s e ,  an d  s l i g h t l y  r e d u c e d  g as  p r o d u c t i o n  f rom  d u l c i t e  and  
manni te .  O th e r  s t r a i n s  o f  t y p i c a l  B. c o l i  and  a  B, p r o t e u s  
were t e s t e d  w i t h  s i m i l a r  r e s u l t ,  a s  r e g a r d s  the  p a r t i c u l a r  
sugars  o f  th e  above s e r i e s  f e r m e n te d .
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The r e s u l t s  d i f f e r e d  f rom  th o se  o f  P e n f o l d  * i n  t h a t  th e  
only *’ s u g a r  " ( o f  2 m o n o s a c c h a r id e s ,  a  d i s a c c h a r i d e  an d  2 
h exahydr ic  a l c o h o l s )  f ro m  w h ich  t h e s e  v a r i a n t s  c o m p l e t e l y  
f a i l e d  t o  p ro d u c e  g a s ,  was g l u c o s e ,  t h o u g h  i n  th e  c a se  o f  
l a c t o s e  and g a l a c t o s e  t h e r e  was some d e p r e s s i o n  o f  th e  g a s  
p ro d u c in g  p r o p e r t y .
A l l  t h e s e  v a r i a n t s  m a i n t a i n e d  t h e i r  s t a b i l i t y  a s  r e g a r d s  
the new c h a r a c t e r  even  a f t e r  s e v e r a l  months s u b c u l t u r e  on 
o r d i n a r y  a g a r ,  b u t  by  s u b c u l t u r i n g  e v e r y  day i n  g l u c o s e  p e p to n e  
water  f o r  a  week, a  r e v e r s i o n  o f  the  s t r a i n  was n o t e d  a n d  the  
power of p r o d u c i n g  g as  was r e g a i n e d .
Harden and P e n f o l d  fo u n d  t h a t ,  f ro m  th e  b i o c h e m i c a l  
s t a n d p o i n t ,  th e  change was more a  q u a n t i t a t i v e  t h a n  a  
q u a l i t a t i v e  one .  Thus f rom  my o b s e r v a t i o n s  i t  was o n ly  
p o s s i b l e  t o  c o m p l e t e l y  a b o l i s h  th e  g a s  p r o d u c t i o n  o f  B. c o l i  
in  the  c a se  o f  g l u c o s e ,  and  i t  was a l s o  shown t h a t  th e  
o r i g i n a l  c h a r a c t e r  c o u ld  be e a s i l y  r e g a i n e d  u n d e r  c e r t a i n  
c o n d i t i o n s .  I t  was i n  no way p o s s i b l e  t o  s e l e c t  f rom  an 
a e ro g e n e s  B. c o l i  type  a  c o r r e s p o n d i n g  a n a e r o g e n e s  v a r i e t y .
The a b se n c e  o f  gas  p r o d u c t i o n  a f t e r  s e v e r a l  s u b c u l t u r e s  
may, t h e r e f o r e ,  be r e g a r d e d  a s  a  f u n d a m e n ta l  c h a r a c t e r  o f  
c e r t a i n  c o l i f o r m  t y p e s .
* P e n f o l d ' s  v a r i a n t  s t r a i n s  showed a b sen c e  o f  gas  p r o d u c t i o n  
in  l a c t o s e  a s  w e l l  a s  g l u c o s e .
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c a l  c h a r a c t e r s  among_ th e  co 1 i f  o rm _
b a c i l l i »
Such v a r i a t i o n s  have b een  o b s e r v e d  o c c u r r i n g  s p o n t a n e o u s l y  
in  c u l t u r e  medium a n d  a f f o r d  some i n d i c a t i o n  o f  the p r o c e s s  o f  
e v o l u t i o n  g o in g  on among t h e s e  o rg an ism s  u n d e r  n a t u r a l  
c o n d i t i o n s .  The marked d i v e r s i t y  o f  t y p e s  i n  t h i s  g roup  a s  
r e g a r d s  c u l t u r a l  r e a c t i o n s  has b een  w e l l  shown by th e  work of  
a l l  tho se  who have s t u d i e d  t h e s e  o rg an ism s  an d  i n  the  
s e r o l o g i c a l  o b s e r v a t i o n s  a l r e a d y  r e c o r d e d  the  h i g h l y  s p e c i a l i z e d  
c h a r a c t e r s  o f  i n d i v i d u a l  s t r a i n s  have been  a l l u d e d  t o ;  i t  may 
be assumed, t h e r e f o r e ,  t h a t  new t y p e s  or s p e c i e s  a r e  c o n s t a n t l y  
be ing  d e v e lo p e d  from  p r e - e x i s t i n g  v a r i e t i e s  and  t h a t  t h e s e  
b a c i l l i  t e n d  t o  a c q u i r e  new c h a r a c t e r s  w h ic h  a r e  n o t  
s p o n ta n e o u s ly  l o s t ,  i . e . ,  t h a t  the  t e n d e n c y  i s  a  p r o g r e s s i v e  
one and  r e p r e s e n t s  th e  o r i g i n  o f  new s p e c i e s .
I n  1907 M ass in i*  d e s c r i b e d  a  n o n - l a c t o s e - f e r m e n t i n g  
g ra m -n e g a t iv e  b a c i l l u s  (B. c o l i  m u t a b i l i s )  w h ic h  on E n d o -a g a r  
developed  l a c t o s e  f e r m e n t i n g  m u ta n t s  r e p r e s e n t e d  b y  r e d  
p a p i l l a e  on th e  p a l e  c o l o n i e s  o f  t h e  o r i g i n a l  s t r a i n  and  a f t e r  
f u r t h e r  s u b c u l t u r e  a s  r e d  c o l o n i e s .  T h i s  was c o r r o b o r a t e d  by  
Burk an d  l a t e r  by  M u l le r  i n  the  c a s e  o f  the  f e r m e n t a t i o n  of  
o ther  c a r b o h y d r a t e s .
I n  s t u d y i n g  th e  f e r m e n t a t i v e  r e a c t i o n s  of  c o l i f o r m  
b a c i l l i  i t  has  b e e n  n o t e d  t h a t  c e r t a i n  s t r a i n s  may n o t  show
Repor ted  a l s o  by  N e i s s e r  (1906)
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any o b v i o u s  c h a n g e  i n  a  p a r t i c u l a r  s u g a r ,  e . g .  l a c t o s e , u n t i l  
the l a p s e  o f  s e v e r a l  days;  o rgan ism s  o f  t h i s  typ e  were 
i n v e s t i g a t e d  by  P e n f o l d  who showed t h a t  t h e s e  s l o w l y  f e r m e n t i n g  
s t r a i n s  were p r i m a r i l y  n o n - l a c t o s e - f e r m e n t e r s  w h ic h  in  f l u i d  
media th rew  o f f  l a c t o s e  f e r m e n t i n g  v a r i a n t s ,  t h e  v a r i a n t  
p ro d u c in g  r a p i d  f e r m e n t a t i o n  o f  th e  s u g a r .  Thus th e  o b v io u s  
d i f f e r e n c e  be tw een  the  v a r i a n t  a n d  th e  o r i g i n a l  s t r a i n  l a y  i n  
the r a t e  o f  f e r m e n t a t i o n  of  l a c t o s e .  The s t r a i n s  s t u d i e d  were 
c h a r a c t e r i z e d  by  the  f o r m a t i o n  on d i f f e r e n t i a l  medium ( s u c h  
as  MacConkey 's  n e u t r a l  r e d  l a c t o s e  a g a r  or  E n d o -a g a r )  o f  p a l s  
c o lo n i e s  w h ich  d e v e lo p e d  a f t e r  a  few days r e d  p a p i l l a e  a s  i n  
the case  of  M a s s in i * s  s t r a i n .
A number o f  s t r a i n s  were met w i t h  i n  th e  c o u r s e  of my 
own s tu dy  o f  t h e  B. c o l i  group w hich  th o u g h  p r i m a r i l y  
n o n - l a c t o s e - f e r m e n t e r s ,  i n  f l u i d  medium c o n t a i n i n g  l a c t o s e  
a p p a r e n t l y  th re w  o f f  l a c t o s e  f e r m e n t i n g  v a r i a n t s .  A l l  t h e s e  
organisms fo rm ed  p a l e  c o l o n i e s  on MacConkey 's  a g a r ;  c e r t a i n  o f  
them c o r r e s p o n d e d  t o  the  type  d e s c r i b e d  by  P e n f o l d  i n  
d e v e lo p in g  r e d  p a p i l l a e .  By s u b c u l t u r i n g  the  p a p i l l a e  on 
a n o th e r  p l a t e  o f  MacConkey’ s medium, r e d  c o l o n i e s  were grown, 
r e p r e s e n t i n g  a  v a r i a n t  w h ich  d i f f e r e d  f rom  th e  o r i g i n a l  s t r a i n  
in  p r o d u c i n g  r a p i d  f e r m e n t a t i o n  o f  l a c t o s e  i n  f l u i d  medium, 
whereas the  s u g a r  was o n ly  f e r m e n te d  a f t e r  s e v e r a l  days  (an d  
o f t e n  w i t h o u t  gas  p r o d u c t i o n )  by  t h e  o r i g i n a l  s t r a i n .
57.
Some o f  t h e s e  o r g a n i s m s ,  on t h e  o t h e r  h a n d ,  showed  no 
ev idence  o f  m u t a t i o n  on s o l i d  media  c o n t a i n i n g  l a c t o s e  ( e . g .  
MacConkey'a a g a r  ) i . e .  r e d  p a p i l l a e  were n o t  o b s e r v e d ,  b u t  
on s u b i n o c u l a t i n g  from t h e  f l u i d  l a c t o s e  medium on MacGonkey's 
agar  a m ix t u r e  o f  p a l e  and r e d  c o l o n i e s  was o b t a i n e d ;  t h e  
p a le  c o l o n i e s  c o r r e s p o n d e d  to  t h e  p r im a r y  s t r a i n ,  t h e  r e d  c o l o n i e s  
t o  th e  v a r i a n t .
S i m i l a r l y  s t r a i n s  were n o t e d  which m u ta te d  as r e g a r d s  t h e  f e r  
- m e n t a t i o n  o f  o t h e r  s u g a r s ,  e . g .  d u l c i t e ,  s a c c h a r o s e ,  a d o n i t e .
The v a r i a t i o n s  e x h i b i t e d  by t h e s e  s t r a i n s  and t h e  d i f f e r e n c e s  
be tw een  t h e  o r i g i n a l  and t h e  v a r i a n t  s t r a i n  a r e  shown i n  t a b l e  
29.
I t  i s  n o t e w o r th y  t h a t  th e  m a j o r i t y  o f  t h e s e  m u t a t i n g  s t r a i n s  
were o f  t h e  B su b g ro u p .
While most o f  t h e s e  v a r i a t i o n s  were i n  t h e  f e r m e n t a t i o n  o f  
l a c t o s e ,  i t  has  b een  shown how s i m i l a r  m u ta t i o n s  may o c c u r  i n  t h e  
f e r m e n t a t i o n  o f  d u l c i t e ,  s a c c h a r o s e  and a d o n i t e .
I t  may a l s o  be n o t e d  h e re  t h a t  no v a r i a t i o n s  have b e e n  
met w i th  as r e g a r d s  t h e  f e r m e n t a t i o n  o f  i n o s i t e .  S i m i l a r l y  t h e  
p r e s e n c e  ( o r  absen ce  ) o f  i n d o l  f o r m a t i o n  has be en  fo u nd  t o  
r e p r e s e n t  a  s t a b l e  c h a r a c t e r .  Of c o u r s e ,  q u a n t i t a t i v e  v a r i a t ­
ions i n  i n d o l  p r o d u c t i o n  have  been  o b s e rv e d  and i t  has  b e e n  
shown how t h e  amount o f  i n d o l  p roduced  may be  i n c r e a s e d
TABLE 29.
In  t h i s  t a b l e :  A a c i d ;  G ** g a s ,  the  amount o f  gas  
p r o d u c t i o n  b e i n g  i n d i c a t e d  by  G - t ,  G + t ,  G t+ + ;  C =  c l o t  
(from m i l k ) .
S t r a i n ■ 
of 
t y p e .
Days
i n c u ­
b a t i o n .
L a c t ­
ose . '
Dul-  
■ c i t e .
S acch a -  Ado- 
r o s e ,  n i t e .
M ilk .
B 102 1 C o l o n i e s  on
o MacConkey'oc A a g a r
5 A AC d e v e lo p e dr e d  p a p i l l a e
V a r ia n t 1 A G i f i - AC a f t e r  3 days
B 104 1 A C o l o n i e s  on
2 A MacConkey’ s' a g a r
5 AG t AC d e v e lo p e d
V a r ia n t 1 AG f AC r e d  p a p i l l a e
• a f t e r  4 days
D 1 1 Absence o f
pap i 1 l a2
5
f o r m a t i o n .
10 A A
V a r ia n t 1 A A
2 A AC
Table 29 c o n t i n u e d  on n e x t  5 pages
ta b le  29.  ( C o n t a . )
S t r a i n Days
of i n c u ­ L a c t ­ Dul-  Saccha -  Ado- M ilk .
typs. b a t i o n . o s e . c i t e .  r o s e .  n i t e .







p a p i l l a  
f  o r m a t i  on .
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f o r m a t i o n .
1 0 AG + AC
V a r ia n t 1 AG AC
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f o r m a t ! o n .
1 0 A A
V a r ia n t 1 AG f + AC
TABLE 29. ( C o n t d . )
S t r a i n  Days
of i n c u -  La.c t-  Dulr  S acch a -  Ado- Milk*
type.  h a t i o n .  o se .  c i t e .  r o s e .  n i t e .
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Absence o f  
p a p i l l a e  
f rom  c o l o n i i s  
on n e u t r a l  
r e d  d u l c i t e  
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V a r ia n t AG t AC
A 28






C o l o n i e s  on 
s a c c h a r o s e  
n e u t r a l  r e d  
a g a r
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r e d  p a p i l l a e  
a f t e r  4 d a y s .
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a g a r






'ABLE 29.  ( C o n t d . )
S t r a i n Days '
of i n c u ­ La c t — Dul-  S accha - Ado- M i lk .
type* b a t i o n . o s e . c i t e .  r o s e . n i t e .
A 35 1 , Absence of
2 p a p i l lae
5 A A f r  omc o l o n i e s  on
10 A A MhcConke: ' s
a g a r .
V a r i a n t 1 AG t f AC
B 101 1 Absence o f
2 p a p i l l a e
f rom5 ' c o l o n i e s  on
10 A s a c c h a r o s e
a g a r .
V a r i a n t 1 AG
N p ^ :  In a l l ,  5 s t r a i n s were n o t e d  c o r r e s p o n d i n g  i n c u l t u r a l
r e a c t i o n s  t o  B 102 and a l s o  d e v e lo p in g  l a c t o s e  f e r m e n t i n g  
v a r i a n t s  ( r e p r e s e n t e d  by  r e d  p a p i l l a e  on the  c o l o n i e s  bn 
MacConkey's a g a r ) .
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or d im i n i s h e d  unde r  c e r t a i n  c o n d i t i o n s  (Beckham, K o r r o c k s ) « A 
c o n s i d e r a b l e  p r o p o r t i o n  of  a l l  the  c o l i f o r m  s t r a i n s  exam ined  
were r e t e s t e d  a f t e r  2 -3  months f rom the  t ime o f  t h e i r  o r i g i n a l  
c l a s s i f i c a t i o n  and  i n  a l l  c a s e s  i n d o l  f o r m a t i o n  or  the  a b s e n c e  
of t h i s  p r o p e r t y  p r o v e d  s t a b l e .
V a r i a t i o n  i n  c u l t u r a l  c h a r a c t e r s  a s s o c i a t e d  w i t h  
v a r i a t i o n  i n  a g g l u t i n a b i l i t y .
I t  has  b e en  shown t h a t  v a r i a t i o n  i n  b i o c h e m i c a l  r e a c t i o n s  
i s  no t  a s s o c i a t e d  w i t h  any change i n  th e  s e r o l o g i c a l  c h a r a c t e r s  
of the  s t r a i n  ( P e n f o ld )  and  t h i s  was c o n f i rm e d  i n  the  c a s e  o f  
one of  the  m u t a t i n g  s t r a i n s  d e s c r i b e d  ab o v e .
R e c e n t l y  F l e t c h e r  (3) has  d e s c r i b e d  a t y p i c a l  fo rm s of 
B. p a r a t y p h o s u s  B and  B. a e r t r y c k  o c c u r r i n g  un d e r  n a t u r a l  
c o n d i t i o n s ,  w h ic h  i n  a r t i f i c i a l  c u l t u r e  e x h i b i t e d  v a r i a t i o n  
b o th  in  c u l t u r a l  a n d  s e r o l o g i c a l  c h a r a c t e r s  and  r e v e r t e d  to  
the t y p i c a l  fo rm ;  th e  o r i g i n a l  s t r a i n s  were c a p s u l a t e d  b a c i l l i ,  
p roduced  s l im y  or  " mucoid " c o l o n i e s  and were much l e s s  
a g g l u t i n a b l e  t h a n  th e  c l a s s i c a l  s t r a i n s ;  a f t e r  s u b c u l t u r e ,  
however, t y p i c a l  b a c i l l i  d e v e lo p ed  from  the  mucoid s t r a i n  and  
these  r e a c t e d  t o  f u l l  t i t r e  w i t h  a  s p e c i f i c  a g g l u t i n a t i n g  
serum. F l e t c h e r  has  a l s o  d e s c r i b e d  th e  same v a r i a t i o n  i n  the  
case o f  s t r a i n s  of d y s e n t e r y  b a c i l l i .
I n  t h e  c o u r s e  o f  my o b s e r v a t i o n s  on th e  B. c o l i  group 
a s i m i l a r  v a r i a t i o n  was n o t e d j i t  was found  t h a t  a  B, v e s i c u l o s u s  
(MacConkey) s t r a i n  w h ic h  p ro d u c e d  on a g a r  p l a t e s  l a r g e ,  r a i s e d ,
t h i c k ,  o p a q u e , s l i m y  or ” v i s c o u s  ” c o l o n i e s  a n d  g r e w  i n  the  
form of a  t h i c k ,  w h i t e ,  g l i s t e n i n g ,  v i s c o u s  g ro w th  on a g a r  
slope c u l t u r e s ,  when grown on a g a r  c o n t a i n i n g  b r i l l i a n t  g r e e n  
in such  amounts  a s  to  p roduce  s l i g h t  i n h i b i t i o n  of  g row th ,  
deve loped  v a r i a n t s  f rom  th e  o r i g i n a l  type  a s  r e g a r d s  c o lo n y  
c h a r a c t e r s ;  i t  was a l s o  n o t e d  t h a t  t h e s e  v a r i a t i o n s  were 
a s s o c i a t e d  w i t h  d i f f e r e n c e s  i n  a g g l u t i n a b i l i t y  by  a  s p e c i f i c  
serum to  th e  o r i g i n a l  s t r a i n .
The g e n e r a l  c h a r a c t e r s  o f  t h e  o r i g i n a l  s t r a i n  were a s  
f o l lo w s :  g r a m - n e g a t iv e  n o n - m o t i l e  b a c i l l u s ;  n o t  l i q u e f y i n g  
g e l a t i n ;  f e r m e n t i n g  w i t h  gas  p r o d u c t i o n  g l u c o s e  a n d  l a c t o s e  
b u t  n o t  d u l c i t e ,  s a c c h a r o s e ,  a d o n i t e ,  i n u l i n ,  i n o s i t e ;  
p ro d u c in g  i n d o l  f rom  p e p to n e ;  n o t  y i e l d i n g  a  Voges and 
P ro sk au e r  r e a c t i o n .  The c o lo n y  c h a r a c t e r s  have a l r e a d y  be en  
r e f e r r e d  t o .  When p l a t e d  ou t  on n u t r i e n t  a g a r  c o n t a i n i n g  
0,06 C.C. o f  a 1 :1 0 ,0 0 0  w a te r y  s o l u t i o n  of  b r i l l i a n t  g r e e n  
to 5 C.C. a g a r ,  i t  d e v e lo p e d  two d i f f e r e n t  ty p e s  o f  c o lo n y ;  
t h i c k  v i s c o u s  c o l o n i e s  c o r r e s p o n d i n g  to  th o se  o f  th e  o r i g i n a l  
s t f a i n ,  and  t h i n ,  t r a n s p a r e n t ,  n o n - v i s c o u s  c o l o n i e s ,
S u b c u l t u r e s  f rom  th e  t h i n  c o l o n i e s  r e p r o d u c e d  on 
o r d in a r y  c u l t u r e  medium s i m i l a r  t h i n ,  n o n - v i s c o u s  c o l o n i e s  
and th u s  f rom  the o r i g i n a l  g ro w th  a  v a r i a n t  s t r a i n  c o u l d  be 
s e l e c t e d  pu t  d i f f e r i n g  i n  c u l t u r a l  c h a r a c t e r s  f rom  th e  
o r i g i n a l  s t r a i n  and r e m a in in g  t r u e  to  type  even a f t e r  r e p e a t e d
s u b c u l t u r e .  I n  a l l  the  o t h e r  g e n e r a l  c h a r a c t e r s  t h e  new s t r a i n  
c o r re sp o n d e d  t o  the  o r i g i n a l .  The o r i g i n a l  c u l t u r e  d i d  n o t  
show v a r i a t i o n  i n  co lo n y  c h a r a c t e r s  when p l a t e d  on o r d i n a r y  
medium. I t  had been  u sed  a s  a  type  i n  c e r t a i n  s e r o l o g i c a l  
i n v e s t i g a t i o n s ,  and  t h e r e  c o u ld  be no doub t  a s  t o  i t s  p u r i t y  
s ince  th e  s t r a i n  had b een  o r i g i n a l l y  o b t a i n e d  a f t e r  t h r e e  
su c c e s s iv e  p l a t i n g s  and  s u b c u l t u r e  f rom  s i n g l e  c o l o n i e s .
An a g g l u t i n a t i n g  serum had b e e n  p r e p a r e d  by  im m u n iza t io n  
of a  r a b b i t .
S u b c u l t u r e s  f rom  a  t h i c k  v i s c o u s  c o lo n y  on th e  b r i l l i a n t  
green a g a r  p l a t e ,  r e p l a t e d  on th e  same medium a g a i n  y i e l d e d  
d i f f e r e n t  t y p e s  fof c o lo n y :
Type A -  t h i n  n o n - v i s c o u s  c o l o n i e s  a s  i n  th e  
f i r s t  e x p e r i m e n t ;
Type B -  sm a l l  t h i c k  opaque m ark ed ly  v i s c o u s  
c o l o n i e s ;
Type C - l a r g e  t h i c k  opaque n o n - v i s c o u s  
c o l o n i e s  ;
and a l s o  l a r g e  opaque v i s c o u s  c o l o n i e s  c o r r e s p o n d i n g  to  t h o s e '  
of the  o r i g i n a l  s t r a i n *
The d i f f e r e n t  a p p e a r a n c e s  o f  t h e s e  c o l o n i e s  a r e  shown 
in the p h o t o g r a p h .
P r i m a r y  s u b c u l t u r e s  f rom  c o l o n i e s  A, B an d  C r e p r o d u c e d  
the r e s p e c t i v e  c o lo n y  c h a r a c t e r s ;  r e p e a t e d  s u b c u l t u r e s  
remained t r u e  t o  type  and  t h e r e  was no t e n d e n c y  to  r e v e r s i o n  
on s u b c u l tu r e *
P h o t o g r a p h  showing a p p e a r a n c e s  o f  d i f f e r e n t  
c o l o n i e s  r e f e r r e d  t o  i n  t e x t
o r i g i n a l  
w i t h  t h i n  
b o r d e r
C o l o n i e s  on  a g a r  p l a t e  a f t e r  4 d a y s  a t  37 C.
6 1 .
On m ic r o s c o p ic  e x a m in a t io n  t y p e s  B and  C were more 
oocco id  i n  s h a p e ,  w h i l e  A r e p r e s e n t e d  t y p i c a l  h a c i l l a r y  fo rm s .  
By o v e r s t a i n i n g  w i t h  L e i s h m a n ' s  s t a i n  (10 m in u te s  w i th  th e  
pure  s t a i n  and 30 m in u te s  w i t h  a  1 : 2  d i l u t i o n  i n  d i s t i l l e d  
water)  a  t h i c k  somewhat i r r e g u l a r  c a p s u l e  was d e m o n s t r a t e d  i n  
the case  o f  B, w h i le  A and  C were a p p a r e n t l y  n o n - c a p s u l a t e . 
H i s s ' s  method f a i l e d  to  show a  d i s t i n c t  c a p su le *  I t  was fo un d  
t h a t ,  a f t e r  3 o r  4 days i n c u b a t i o n ,  f rom  some o f  the  l a r g e  
t h i c k  v i s c o u s  c o l o n i e s  r e p r e s e n t i n g  the  o r i g i n a l  s t r a i n ,  t h i n  
t r a n s p a r e n t  b o r d e r s  were d e v e lo p ed  and  a p p e a r e d  t o  c o r r e s p o n d  
to the  t h i n  c o lo n y  v a r i a n t ;  s u b c u l t u r e s  f rom  t h e s e  b o r d e r s  
r e p ro d u c e d  t h i n  c o l o n i e s  o f  type  A w h ic h  rem a in e d  t ru e  to  t y p e .
I t  was fo u n d  l a t e r  t h a t  s u b c u l t u r e s  f rom  th e  l a r g e  t h i c k  
v i s c o u s  c o l o n i e s  on the  o r i g i n a l  b r i l l i a n t  g r e e n  a g a r  p l a t s ,  
r e p l a t e d  on o r d i n a r y  medium a l s o  d ev e lo p ed  c o l o n i e s  f rom  w hich  
the type  A v a r i a n t  grew out  i n  the  fo rm  o r  <x t h i n  b o r d e r .
Thus f ro m  the  o r i g i n a l  s t r a i n  t h r e e  d i f f e r e n t  v a r i a n t s  
had been  d e v e lo p e d ,  a s  r e g a r d s  g ro w th  c h a r a c t e r s  on s o l i d  
c u l t u r e  medium; the  b i o c h e m i c a l  r e a c t i o n s  an d  o t h e r  c u l t u r a l  
c h a r a c t e r s  o f  th e  o r i g i n a l  s t r a i n  were r e p r o d u c e d  i n  th e  new 
ty pes ,  an d  i t  was shown how the  v a r i a n t  A a c t u a l l y  d e v e lo p e d  
from th e  o r i g i n a l  type  of co^-ony.
A g g l u t i n a t i o n  t e s t s  were c a r r i e d  ou t  w i t h  t h e  a n t i  serum 
to th e  o r i g i n a l  s t r a i n ,  and  s t r i k i n g  d i f f e r e n c e s  i n  
a g g l u t i n a b i l i  t y  were n o t e d  be tween th e  d i f f e r e n t  types*
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The e n d - t i t r e  of  th e  r e a c t i o n  w i t h  th e  o r i g i n a l  s t r a i n  
was 1 :1 6 0 0 ;  ty p e  A was a g g l u t i n a t e d  by  th e  same serum i n  
d i l u t i o n s  up t o  1 : 1 0 , 0 0 0 ; C d i s p l a y e d  a  l e s s e r  a g g l u t i n a b i l i t y  
than t h e  o r i g i n a l  s t r a i n ,  t h e  e n d - t i t r e  b e i n g  1 :1000 ;  i n  the  
case of  B th e  e n d - t i t r e  was 1 :3000  ( se e  t a b l e  3 0 ) .
These r e s u l t s  a r e  o f  s p e c i a l  i n t e r e s t  a s  d e m o n s t r a t i n g  
v a r i a t i o n  i n  a g g l u t i n a b i l i t y  a s s o c i a t e d  w i t h  v a r i a t i o n  of  
o th e r  c h a r a c t e r s .  On r e t e s t i n g  t h e s e  v a r i a n t s  a f t e r  s e v e r a l  
s u b c u l t u r e s  th e  a g g l u t i n a t i o n  r e s u l t s  were f o u n d  to  be c o n s t a n t  
S i m i l a r  o b s e r v a t i o n s  were made w i t h  a n o t h e r  B. v e s i c u l o s u s  
s t r a i n  to  w h ic h  an a g g l u t i n a t i n g  serum had been  p r e p a r e d .
The o r i g i n a l  s t r a i n  grew i n  the  form o f  l a r g e ,  w h i t e ,  
opaque, n o n - v i s c o u s  c o lo n i e s *  On b r i l l i a n t  g r e e n  a g a r  two 
types  of  c o lo n y  were o b s e r v e d ;  th o se  w h ich  r e p r e s e n t e d  
a p p a r e n t l y  th e  o r i g i n a l  s t r a i n  and  t h i n  t r a n s p a r e n t  c o l o n i e s  
r e s e m b l in g  v a r i a n t  A o f  the  f i r s t  e x p e r i m e n t s ;  s u b c u l t u r e s  
from t h e s e  r e m a in e d  t r u e  to  type a s  r e g a r d s  the  new c h a r a c t e r '  
b u t  d i d  n o t  d i f f e r  i n  o t h e r  g e n e r a l  c h a r a c t e r s  f rom  th e  
o r i g i n a l  s t r a i n .
A g g l u t i n a t i o n  t e s t s  y i e l d e d  r e s u l t s  w h ich  c o r r e s p o n d e d  
to  th o s e  fo u n d  i n  the  f i r s t  e x p e r im e n t ;  t h u s  th e  t h i n  c o lo n y  
v a r i a n t  a g a i n  p r o v e d  much more a g g l u t i n a b l e  t h a n  the  o r i g i n a l  
s t r a i n  ( s e e  t a b l e  3 1 ) .  S i m i l a r  m u t a t i o n s  a s  r e g a r d s  c o lo n y  
c h a r a c t e r s  were o b s e r v e d  w i t h  two o t h e r  B. c o l i  s t r a i n s  a n d  the  
v a r i a n t s  r e m a in e d  t r u e  t o  type  even a f t e r  r e p e a t e d -  s u b c u l t u r e .
TABLE 3 0 .
A gglu tinating  serum tu  B. v es icu lo su s  s tr a in  H - I ; -
Serum d ilu t io n s




1:400 1:800 1:1000 1:1200 l:r 6 0 0  1:2000 1:3000 1:4000 1:0000 1 :1 0 $ 0 0 0 : 1 :20 ,000
+  4 4 4  4 4 4  + 4 4  4 4  -  -
' ' ' ' - - V'//.
4 4 4 4  4 4 4 4  4t44 4 4 4 4  4444 44+4 4444 4444 +44
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Reaaing a fte r  4 hours at 37, C.
EmuMons a l l  o f equal density..
k i
Original Strain^  
Variant
TABLE 3 1 .
A gglu tin ating  serum to  B. v e s icu lo su s  s tr a in  L - y ;
Serum d ilu t io n s
1:800 1 ,1000  122000 1 ,3000  1:4000 1:0000 ItôOOO 1 :10 ,000  1:12000 1:15000 1 :20 ,000
t + + +4 4+ 44 4 4 - -
+444 4444 4444 +444 4+4+ + 4+4  4 4 4 4  4 4 4 4  444 ++
.1
Beading a fte r  4 hours at 37^ C.




I t  i s  t o  be n o t e d  t h a t  many B. c o l i  s t r a i n s  grown on 
medium c o n t a i n i n g  a  s l i g h t l y  i n h i b i t o r y  c o n c e n t r â t ,  on of  
b r i l l i a n t  g r e e n  may d ev e lo p  t h i n  c o l o n i e s ,  b u t  on s u b c u l t u r e  
the t h i n  c o l o n i e s  r e v e r t  t o  the  o r i g i n a l  type*
The q u e s t i o n ,  of  c o u r s e ,  a r i s e s  a s  to  w he ther  v a r i a t i o n s  
in  a g g l u t i n a b i l i t y - m i g h t  be d ep enden t  on m o r p h o l o g i c a l  
d i f f e r e n c e s ,  e . g .  th e  p r e s e n c e  o f  a  g l u t i n o u s  c a p s u l e .  In  
the f i r s t  e x p e r i m e n t s  th e  most  a g g l u t i n a b l e  v a r i a n t  was th e  
A type ( l a r g e  t h i n  n o n - v i s c o u s  c o l o n i e s ) ,  t h e  l e a s t  
a g g l u t i n a b l e  t h e  C type  ( l a r g e  t h i c k  n o n - v i s c o u s  c o l o n i e s )  
while  th e  o r i g i n a l  s t r a i n  ( l a r g e  t h i c k  v i s c o u s  c o l o n i e s )  and  
the B ty p e  ( s m a l l  t h i c k  v i s c o u s  c o l o n i e s )  r e p r e s e n t e d  
i n t e r m e d i a t e  d e g r e e s  o f  a g g l u t i n a b i l i t y .  Ho conclus  i o n s  can 
be drawn to  show t h a t  a g g l u t i n a b i l i t y  i s  i n f l u e n c e d  b y  the  
p re sen c e  o f  a  g l u t i n o u s  c a p s u l e .  These o b s e r v a t i o n s  a r e ,  
however, o f  s p e c i a l  i n t e r e s t  i n  showing how th e  s e r o l o g i c a l  
c h a r a c t e r s  o f  a  p a r t i c u l a r  o rg an ism ,  i n t e r p r e t e d  by  t h e  u s u a l  
methods, may v a r y  u n d e r  c e r t a i n  c o n d i t i o n s .
I t  can  be u n d e r s t o o d  how a  g roup  o f  b a c t e r i a  w h ic h  a r e  
c o n s t a n t l y  d e v e l o p i n g  m u ta n t s  w i t h  new b i o c h e m i c a l  c h a r a c t e r s  
has come t o  r e p r e s e n t  i n  the  c o u r s e  o f  t ime a  c o n & id e r a b l e  
number of  d i f f e r e n t  c u l t u r a l  t y p e s  a s  se en  i n  th e  B* c o l i  
group;  i n  th e  same way c o n s t a n t  v a r i a t i o n  i n  s e r o l o g i c a l  
c h a r a c t e r s ,  w i t h o u t  change i n  b i o c h e m i c a l  r e a c t i o n s ,  would  
e x p l a i n  the  h i g h l y  s p e c i a l i z e d  s e r o l o g i c a l  c h a r a c t e r s  o f  the
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i n d i v i d u a l  s t r a i n  and  th e  absence  o f  s p e c i f i c i t y  o f  an  a n t i  s e r u m  
fo r  th e  c u l t u r a l  type*
The p r o c e s s  o f  e v o l u t i o n  and  o r i g i n  of new t y p e s  g o in g  
on among t h e s e  g r a m - n e g a t iv e  b a c i l l ^  i s  n o t  o n ly  o f  the  
g r e a t e s t  b i o l o g i c a l  i n t e r e s t ,  b u t  th e  s t u d y  o f  t h e s e  v a r i a t i o n s  
e l i c i t s  some e x p l a n a t i o n  o f  the  g r e a t  d i v e r s i t y  o f  t y p e s  a n d  
a l s o  the  h i g h l y  s p e c i a l i z e d  s e r o l o g i c a l  c h a r a c t e r s  among th e  
c o l i f o r m  b a c i l l i .
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I t  i s  a  w e l l  e s t a b l i s h e d  f a c t  t h a t  d y s e n t e r y ,  a p a r t  f rom 
amoebic i n f e c t i o n s ,  may be p roduced  by d i f f e r e n t  b a c t e r i a l  
t y p e s ,  and c e r t a i n  c l a s s i c a l  o rg an ism s ,  b i o l o g i c a l l y  a l l i e d  
though s p e c i f i c a l l y  d i f f e r e n t ,  have  b e e n  g e n e r a l l y  a c c e p t e d  a s  
undoubted  c a u s a l  a g e n t s  o f  t h i s  d i s e a s e  e . g .  B. d y s e n t e r i a e  
Shiga .  B. d y s e n t e r i a e  F l e x n e r .  D ur ing  the  l a t e  war ,  d y s e n t e r y  
was e x t r e m e l y  p r e v a l e n t  i n  t h e  M e d i t e r r a n e a n  and E g y p t i a n  
Campaigns and t h e  p a t h o l o g y  o f  t h e  d i s e a s e  a t t r a c t e d  
c o n s i d e r a b l e  a t t e n t i o n  b o th  i n  t h e  M i l i t a r y  l a b o r a t o r i e s  w i t h  
the  E x p e d i t i o n a r y  F o r c e s  a,nd a l s o  i n  th e  home l a b o r a t o r i e s .
In  1916 and 1917 b a c i l l a r y  d y s e n t e r y  a t t a i n e d  a  h i g h  i n c i d e n c e  
in  th e  E g y p t i a n  F o rc e  and th e  l a r g e  number o f  c a s e s  c o n s t a n t l y  
b e in g  a d m i t t e d  t o  t h e  Base H o s p i t a l s  i n  A l e x a n d r i a  p r o v i d e d  
abundant  m a t e r i a l  f o r  a  s y s t e m a t i c  b a c t e r i o l o g i c a l  s t u d y  of  
t h i s  c o n d i t i o n .
I n v e s t i g a t i o n s  o f  non-amoebic  d y s e n t e r y  b o t h  i n  th e  a c u t e  
and s u b a c u te  s t a g e s  o f  t h e  d i s e a s e  r e v e a l e d  t h e  p r e s e n c e  o f  a  
v a r i e d  b a c t e r i a l  f l o r a  i n  th e  i n t e s t i n a l  d i s c h a r g e s ,  c o m p r i s i n g  
many u n u s u a l  t y p e s  f o r e i g n  t o  t h e  h e a l t h y  i n t e s t i n e  a p a r t  
a l t o g e t h e r  from t h o s e  o rgan ism s  which c o r r e s p o n d e d  
b i o l o g i c a l l y  t o  th e  c l a s s i c a l  d y s e n t e r y - p r o d u c i n g  b a c i l l i .
I n  a  n o t  i n c o n s i d e r a b l e  p r o p o r t i o n  o f  such  c a s e s  examined 
in  t h e  a c u t e  s t a s e  i . e .  w h i le  b lo o d  and mucus were p r e s e n t  i n
the s t o o l s ,  t y p i c a l  d y s e n te r y  b a c i l l i  c o u ld  n o t  be d e t e c t e d .  
Thus in  the  E g y p t i a n  E x p e d i t i o n a r y  Force  (1916) th e  p e r c e n t a g e  
of a c u te  c a s e s *  in  w h ich  t y p i c a l  o rgan ism s  (Gli iga, F l e x n e r ,
Y - H iss  a n d  R u s s e l l ,  t y p e s )  were p r e s e n t  was 3 5 .2  a t  the  
Base L a b o r a t o r y ,  A l e x a n d r i a , * *  3 6 .3  a t  the  l a b o r a t o r y  o f  the  
A u s t r a l i a n  G e n e r a l  H o s p i t a l ,  C a i ro  and  3 5 .2  a t  th e  S t a t e  
I n s t i t u t e  o f  Hygiene,  C a i r o .  ( O f f i c i a l  r e p o r t  o f  the  S a n i t a r y  
Advisory  Commit tee ,  M .E .F . ,  1917) .  There was l i t t l e  v a r i a t i o n  
t h e r e f o r e  i n  the  p r o p o r t i o n  of  c a s e s  i n  w h ich  t h e s e  o rg a n is m s  
c o u ld 'b e  d e m o n s t r a t e d  by d i f f e r e n t  o b s e r v e r s  in  the  same 
t h e a t r e  o f  war w o rk in g  under  d i f f e r e n t  c o n d i t i o n s  a n d  o f t e n  
a p p ly in g  d i f f e r e n t  t e c h n i c a l  m ethods .  Moreover t h e r e  was no 
re a so n  t o  suppose  t h a t  th e s e  c a s e s  c o l l e c t i v e l y  r e p r e s e n t e d  
amoebic i n f e c t i o n s  in  which  amoebae were n o t  d e m o n s t r a t e d  
though as  r e c o g n i s e d  by Wenyon and  O’Connor m ic r o s c o p ic  ' 
e x a m in a t io n  o f  the  f a e c e s ,  u n l e s s  r e p e a t e d ,m a y  f a i l  t o  r e v e a l  
amoebae i n  c e r t a i n  c a s e s  o f  amoebic d y s e n t e r y .
A p a r t  f rom d y s e n t e r y  in  the  army i t  was shown by F r a s é r  
in 1916 w o rk in g  in  the  K ua la  Lumpur L a b o r a t o r y  (Malaya) t l m t  
in  50/O o f  the  c a s e s  o f  non-amoebic  d y s e n t e r y  t y p i c a l  d y s e n t e r y  
b a c i l l i  c o u l d  n o t  be i s o l a t e d  from th e  s t o o l s .
*The number o f  c a s e s  i n  -which t y p i c a l  o rg an ism s  were i s o l a t e d  
s t a t e d  a s  a  p e r c e n t a g e  of  the a c u t e  c a s e s  i n  the  t o t a l  s e r i e s  
examined.
C e n t r a l  L a b o r a t o r y ,  A l e x a n d r i a  ” o f  M.E.F.  an d  l a t e r  ” The 
M i l i t a r y  B a c t e r i o l o g i c a l  L a b o r a t o r y ,  A l e x a n d r i a  ” o f  the  E .E .F
3 .
While,  among t h e  d y s e n t e r y  c a s e s  t h a t  o c c u r r e d  i n  t h e
,
E g y p t i a n  F o r c e ,  t h e  c l a s s i c a l  t y p e s ,  B. d y se n te r jae ,  S h i g a  and  
F lexner-Y ,  were  r e c o g n i s e d  a s  i m p o r t a n t  a e t i o l o g i c a l  a g e n t s ,  
i t  was a p p a r e n t  t h a t  o t h e r  g r a m - n e g a t iv e  b a c i l l i  n o t  g e n e r a l l y  
p r e s e n t  i n  t h e  normal  i n t e s t i n a l  f l o r a ,  were f r e q u e n t l y  
a s s o c i a t e d  w i t h  non-am oebic  d y s e n t e r y .  C e r t a i n  o f  t h e s e  
organisms were c l o s e l y  r e l a t e d  b i o l o g i c a l l y  t o  t h e  c l a s s i c a l  
v a r i e t i e s  b u t  d i f f e r e d  i n  b i o c h e m i c a l  or s e r o l o g i c a l  c h a r a c t e r s ;  
th ey  were foun d  i n  c a s e s  f rom which t h e  c l a s s i c a l  v a r i e t i e s  , 
were a b s e n t  and came t o  be spoken  of  g e n e r a l l y  a s  ” a t y p i c a l  
B. d y s e n t e r i a e . ” O th e rs  b o re  no r e s e m b la n c e  t o  o rg an ism s  o f  
the  d y s e n t e r y  g ro up  though  t h e y  c o u ld  no t  be r e g a r d e d  a s  
normal i h h a b i t a , n t s  o f  t h e  bowel;  t h e s e  o rg an ism s  were n o te d  
f r e q u e n t l y  a s  c o n c o m i t a n t s  o f  t h e  t y p i c a l  and ” a t y p i c a l  ” 
d y s e n t e r y  b a c i l l i  b u t  i n  many c a s e s  t h e y  were t h e  o n ly  u n u s u a l  
b a c t e r i a  p r e s e n t  i n  t h e  i n t e s t i n a l  d i s c h a r g e s .
The q u e s t i o n  t h e r e f o r e  a r o s e  i n  t h e  i n v e s t i g a t i o n  o f  
b a c i l l a r y  d y s e n t e r y  i n  Egypt  a s  t o  t h e  e x a c t  a e t i o l o g i c a l  an d  
d i a g n o s t i c  s i g n i f i c a n c e ,  o f  t h e s e  two c l a s s e s  o f  o rg a n i s m s ,  
p a r t i c u l a r l y  t h e  so  c a l l e d  a t y p i c a l  d y s e n t e r y  b a c i l l i . .
I t  h a d  b e e n  c u s to m a ry  t o  i d e n t i f y  t h e  t y p i c a l  d y s e n t e r y  
b a c i l l i  by  c e r t a i n  b io c h e m i c a l  and s e r o l o g i c a l  t e s t s  
(v, t a b l e  3. A ) and  o rgan ism s  c o r r e s p o n d i n g  i n  , t h e s e  r e s p e c t s  
to  the  S h ig a ,  F l e x n e r  and Y t y p e s  have  b e e n  a c c e p t e d  a s  
undoubted d y s e n t e r y  b a c i l l i .  When s t r a i n s  were f i r s t  e n c o u n t e r e d
r e s e m b l in g  t h e s e  o rg an ism s  i n  some o f  t h e i r  c h a r a c t e r s  b u t  
a t y p i c a l  i n  b i o c h e m i c a l  r e a c t i o n s  or i n a g g l u t i n a b l e  by a n t i  s e r a  
to  the  c l a s s i c a l  t y p e s ,  t h e  t e n d e n c y  was t o  d i s r e g a r d  t h e i r  
o c cu r ren c e  and o n ly  t h e  t y p i c a l  o rg an ism s  were a c c e p t e d  f o r  
d i a g n o s t i c  p u r p o s e s .
C o m p a r a t iv e ly  l i t t l e , h o w e v e r ,  was known a t  t h a t  t im e  
r e g a r d i n g  t h e  group of  o rgan ism s  b i o l o g i c a l l y  a l l i e d  t o  t h e  
c l a s s i c a l  B. d y s e n t e r i a e .
I n  1900 S t r o n g  d e s c r i b e d  a  ” d y s e n t e r y  b a c i l l u s  ” which 
d i f f e r e d  i n  c e r t a i n  b i o c h e m i c a l  c h a r a c t e r s  and  i n  i t s  
s e r o l o g i c a l  r e a c t i o n s  from t h e  p r e v i o u s l y  r e c o g n i s e d  t y p e s ,  
though r e s e m b l i n g  t h e m , c l o s e l y  i n  o t h e r  c h a r a c t e r s ;  t h i s  
organism d i f f e r e d  from t h e  F l e x n e r  and Y t y p e s  i n  f e r m e n t i n g  
s a c c h a r o s e  and i n  b e in g  i n a g g l u t i n a b l e  by a  F l e x n e r  or Y 
a n t i  serum,
Ohno among h i s  15 ty p e s  o f  d y s e n t e r y  b a c i l l i  d e s c r i b e d  
o rgan ism s which  d i f f e r e d  from th e  c l a s s i c a l  t y p e s  i n  t h e  
f e r m e n t a t i o n  o f  l a c t o s e  and s a c c h a r o s e .
L a c t o s e - f e r r a e n t e r s  were a l s o  n o te d  by  K ru se  among t h e  
ty pes  o f  ” p s e u d o - d y s e n t e r y  ” b a c i l l i  ( i . e .  s t r a i n s  o t h e r  
th a n  B. d y s e n t e r i a e  Sh iga )  c l a s s i f i e d  by  h im .
B u f f e r  and W il lmore  r e c o r d e d  i n  1909 t h e  f i n d i n g  o f  a  
d y s e n t e r y  b a c i l l u s  which was a p p a r e n t l y  r e s p o n s i b l e  f o r  t h e  
l a r g e s t  p r o p o r t i o n  of  c a s e s  among t h e  Moslem p i l g r i m s  a t  
El Tor on t h e  Red Sea; i t  e x h i b i t e d  many of  t h e  c h a r a c t e r s  o f
. 5 .
th e  c l a s s i c a l  F l e x n e r  ty p e  b u t  t h e  r e a c t i o n s  i n  s a c c h a r o s e  
and d u l c i t e  v a r i e d  i n  t h e  c a se  of  d i f f e r e n t  s t r a i n s ;  t h e  
s e r o l o g i c a l  c h a r a c t e r s  a l s o  d i f f e r e n t i a t e d  i t  from t h e  F l e x n e r  
b a c i l l u s .
I t  was a p p a r e n t  t h a t  a  group o f  g r a m - n e g a t iv e  i n t e s t i n a l  
b a c i l l i  c o u ld  be r e c o g n i s e d  w i th  t h e  f o l l o w i n g  common 
c h a r a c t e r s :  a b s e n c e  o f  m o t i l i t y ,  a b se n c e  o f  l i q u e f a c t i o n  o f  
g e l a t i n ,  f e r m e n t a t i o n  o f  g lu c o s e  w i t h o u t  gas  p r o d u c t i o n  a n d  
absence  o f  g a s  p r o d u c t i o n  i n  t h e  c a se  o f  a l l  s u g a r s  f e r m e n t e d .  
This  g roup  t h e r e f o r e  co m p r i se d  t h e  t y p i c a l  d y s e n t e r y  t y p e s  and 
a l s o  t h e  " a t y p i c a l  v a r i e t i e s . *
PRBLIMINARY OBSERVATIOHS.
T here  c a n  be no doub t  t h a t  e p id e m ic s  o f  d y s e n t e r y  i n  
d i f f e r e n t  p a r t s  o f  t h e  w o r ld  have  b e e n  m a in ly  due t o  d e f i n i t e  
types  e . g .  t h e  S h ig a  and F l e x n e r  b a c i l l i ,  b u t  i n  E gyp t  i t  
ap p ea red  t h a t  t h e  d y s e n t e r y  c a s e s  were by no means so u n i f o r m  
from t h e  a e t i o l o g i c a l  s t a n d p o i n t ;  t h i s  was i n d i c a t e d  by  a  
p r e l i m i n a r y  i n v e s t i g a t i o n  c a r r i e d  ou t  e a r l y  i n  1916 by  Thomson 
and M ack ie .**  30 c a s e s  o f  d y s e n t e r y  were c a r e f u l l y
♦ I t  i s  t o  be n o t e d  t h a t  t h i s  group so d e f i n e d  would i n c l u d e  
c e r t a i n  n o n - m o t i l e  v a r i e t i e s  o f  th e  D subgroup  o f  ” c o l i f o r m  ” 
b a c i l l i  (v .  P a r t  1 .  p, AI ) ,  such a s  have b e e n  n o t e d  i n  
u r i n a r y  i n f e c t i o n s .
**I was p e r s o n a l l y  r e s p o n s i b l e  f o r  t h e  b a c t e r i o l o g i c a l  d a t a  i n  
t h i s  p a p e r .
6.
i n v e s t i g a t e d  b o t h  c l i n i c a l l y  and  i n  th e  l a b o r a t o r y .  R e c e n t l y  
passed  s t o o l s  were examined f r e q u e n t l y  f o r  p r o t o z o a  and as  
r e g a r d s  t h e  c e l l u l a r  e x u d a te  p r e s e n t ,  and were a l s o  
im m ed ia te ly  c u l t u r e d  f o r  th e  d e t e c t i o n  o f  u n u s u a l  b a c t e r i a . *
A r e c o r d  was k e p t  a l s o  of  t e m p e r a t u r e ,  t r e a t m e n t ,  e t c .
At t h a t , t i m e  among t h e  non-amoebic  c a s e s  no S h ig a  t y p e s  
were no ted ;  7 were a p p a r e n t l y  due t o  o rg an ism s  which 
c o r re sp o n d e d  i n  c h a r a c t e r  t o  t h e  F le x n e r -Y  ty p e  and  r e a c t e d  
with  an a n t i - Y  a g g l u t i n a t i n g  serum ( L i s t e r  I n s t i t u t e , v .  i n f r a ) . ;  
i n  S c a s e s  o rg an ism s  were o b se rv e d  which r e s e m b le d  t h e  
c l a s s i c a l  d y s e n t e r y  b a c i l l i  i n  c e r t a i n  o f  t h e i r  c h a r a c t e r s  
bu t  d i f f e r e d  i n  b i o c h e m i c a l  r e a c t i o n s  an d  i n  b e in g  
i n a g g l u t i n a b l e  by  a  S h iga ,  F l e x n e r  or Y serum.
The f o l l o w i n g  t y p e s  were r e c o r d e d : - 
Case 1.  -  a  n o n - m o t i l e ,  n o n - l i q u e f y i n g , g r a m - n e g a t i v e  b a c i l l u s  
which f e r m e n te d  g l u c o s e  and m a l to s e  w i t h o u t  gas p r o d u c t i o n ,  
produced  i n d o l ,  b u t  had  no a c t i o n  on l a c t o s e ,  d u l c i t e ,  
s a c c h a r o s e ,  or  m a n n i t e ,  and  d id  n o t  a g g l u t i n a t e  w i t h  a  S h ig a  
or Y a n t i s e r u m .  (No amoebae were found  ev en  a f t e r  r e p e a t e d  
ex am in a t io n ;  s t o o l s  -  f l u i d  w i th  mucus b u t  no b l o o d ) .
Case 2 .  -  a  n o n - m o t i l e ,  n o n - l i q u e f y i n g ,  g r a m - n e g a t i v e  b a c i l l u s  
which f e r m e n t e d  g l u c o s e  w i t h o u t  g a s  p r o d u c t i o n ,  d i d  n o t  
produce i n d o l ,  had  no a c t i o n  on g l u c o s e ,  l a c t o s e ,  d u l c i t e ,  
s a c c h a r o s e ,  m an n i te  or m a l to s e  and  d i d  n o t  r e a c t  t o  a  S h ig a
’Methods employed a r e  d e t a i l e d  below (p .  II. ) .
serum tho u gh  o t h e r w i s e  t h e  o rgan ism  was i d e n t i c a l  w i t h  
B. d y s e n t e r i a e  S h ig a  i n  c u l t u r a l  and b i o c h e m i c a l  c h a r a c t e r s .  
(No amoebae were found  a f t e r  r e p e a t e d  e x a m in a t io n ;  s t o o l s  
were a lm o s t  e n t i r e l y  b lo o d  and mucus; c o p io u s  c e l l u l a r  
exuda te  p r e s e n t  i n  s t o o l  c o n s i s t i n g  of d e g e n e r a t e  polymorph 
l e u c o c y t e s  and macrophage c e l l s  ( v . p .  11 ) .
Case 6 .  -  a  n o n - m o t i l e .  n o n - l i q u e f y i n g , g r a m - n e g a t i v e  b a c i l l u s  
which f e r m e n te d  g l u c o s e ,  m ann i te  and m a l to s e  w i t h o u t  g a s ,  and  
a f t e r  m u t a t i o n  l a c t o s e  ( v . p .  3 ^ . ) ,  p ro du ced  i n d o l  b u t  had  no 
a c t i o n  on d u l c i t e  or s a c c h a r o s e  and d id  no t  r e a c t  t o  a  Y 
a g g l u t i n a t i n g  serum , (No amoebae found;  s t o o l s  c o n t a i n e d  
mucus b u t  no b lo o d :  c e l l u l a r  e x u d a te  p r e s e n t ) .
Case 7 .  -  a  n o n - m o t i l e ,  n o n - l i q u e f y i n g ,  g r a m - n e g a t iv e  b a c i l l u s  
which f e r m e n te d  g l u c o s e ,  d u l c i t e ,  s a c c h a r o s e ,  m a n n i t e  and  
m a l tose  w i t h o u t  g a s ,  p ro du ced  i n d o l  b u t  had  no a c t i o n  on 
l a c t o s e  and d i d  n o t  a g g l u t i n a t e  w i th  a  Y se rum . (No amoebae 
found a f t e r  r e p e a t e d  e x a m in a t io n ;  s t o o l s  c o n t a i n e d  mucus b u t  
no b lo o d  a t  t im e  o f  e x a m in a t io n ;  c e l l u l a r  e x u d a t e  ^ c o n s i s t i n g  
of pus c e l l s  p r e s e n t ) .
I n  2 c a s e s  Entamoeba h i s t o l y t i c a  was p r e s e n t .
I n  5 c a s e s  t h e  o n ly  u n u su a l  o rg an ism  found  i n  t h e  s t o o l s  
was a  B. Morgan No. 1 ty p e  (v .  ta .b le  3 ) . I n  one o f  t h e s e
case s  r e c o r d e d , t h i s  o rgan ism  was i s o l a t e d  a t  a  r e l a t i v e l y  l a t e  
s t a g e  o f  t h e  i l l n e s s  b u t  was p r e s e n t  i n  l a r g e  numbers a s  
judged by t h e  number o f  c o l o n i e s  i n  p l a t e  c u l t u r e .  The s t o o l
a t  t h i s  t im e  c o n t a i n e d  mucus and some b lo o d ;  no amoebae were 
found on r e p e a t e d  e x a m in a t io n  b u t  t h e  c e l l u l a r  e x u d a t e  was 
a b u n d a n t •
I n  2 c a s e s  l a r g e  numbers of  c o l o n i e s  o f  B, f a e c a l i s  
a l k a l i g e n e s  were n o te d  i n  p l a t e  c u l t u r e  and  no o t h e r  u n u s u a l  
o rgan isms;  the  s t o o l s  were f l u i d  w i th  b lo o d  and mucus p r e s e n t  
on m ic r o s c o p ic  e x a m in a t io n ;  pus c e l l s  were n o te d  b u t  no 
amoebae•
I n  2 non-am oeb ic  c a s e s  t h e  o n ly  u n u s u a l  o rg a n is m s  
p r e s e n t  were B. p a r a c o l o n  t y p e s  (v .  t a b l e  3 ) and  i n  1 c a se
l a r g e  numbers o f  B, p r o t e u s  c o l o n i e s  d e v e lo p e d  i n  p l a t e  
c u l t u r e  b u t  no o t h e r  u n u s u a l  b a c t e r i a  nor amoebae were  
d e t e c t e d .
C u l t u r e s  f rom t h e  s t o o l s  i n  1 c a s e  c o n t a i n e d  v e r y  
l a r g e  numbers o f  e n t e r o c o c c i ;  a  few c o l o n i e s  o f  B. f a e c a l i s  
a l k a l i g e n e s  were p r e s e n t  i n  p l a t e  c u l t u r e  b u t  no o t h e r  
u nusua l  b a c t e r i a  were n o te d  and no amoebae were d e t e c t e d  
a f t e r  r e p e a t e d  e x a m in a t io n ;  t h e r e  was a  c o p io u s  c e l l u l a r  
ex u d a te  a s  i n  t h e  t y p i c a l  b a c i l l a r y  d y s e n t e r y ;  t h e  s t o o l s  
were f l u i d , w i t h  mucus b u t  no b l o o d .  When f i r s t  examined t h e  
motions numbered 30 t o  40 a  day; t h e r e  was a  l e u c o c y t o s i s  
of 30 ,000  p . - c . m . m . .  The c a se  was a n  e x t r e m e l y  a c u t e  one 
bu t  though  t h e  e x c r e t a  were examined b a c t e r i o l o g i c a l l y  on 
th re e  o c c a s i o n s ,  and f i r s t  on t h e  5 t h  day o f  t h e  i l l n e s s ,  
no d y s e n t e r y  b a c i l l i  were i s o l a t e d ;  on e ach  o c c a s i o n  l a r g e
numbers o f  e n t e r o c o c c u s  c o l o n i e s  were  p r e s e n t  on t h e  
p l a t e s .
I n  2 c a s e s  no u n u s u a l  o rgan ism s  were f o u n d .
I n  t h i s  s e r i e s  o f  c a s e s  t h e r e f o r e  t y p i c a l  d y s e n t e r y  
b a c i l l i  were fo un d  i n  25^ and o rgan ism s  o f  t h e  so c a l l e d  
" a t y p i c a l  ” c l a s s  i n  2 6 ^ .
These  p r e l i m i n a r y  o b s e r v a t i o n s  r a i s e d  c e r t a i n  i m p o r t a n t  
q u e s t i o n s  w i t h  r e g a r d  t o  t h e  a e t i o l o g y  and b a c t e r i o l o g y  of  
non-amoebic  d y s e n t e r y  a s  i t  o c c u r r e d  a t  t h a t  t im e  i n  E gyp t  
and c l e a r l y  showed t h a t  t h e  d i a g n o s i s  o f  t h e  c a u s e  c o u ld  on ly  
be made w i t h  c e r t a i n t y  by  l a b o r a t o r y  e x a m in a t io n .
The o c c u r r e n c e  i n  a c u t e  c a s e s  of  ( l )  ” a t y p i c a l  ” 
b a c i l l i  a l l i e d  t o  t h e  c l a s s i c a l  d y s e n t e r y  t y p e s  and (2) such  
organisms a s  B. Morgan No. 1, B. f a e c a l i s  a l k a l i g e n e s ,
B. p a r a c o l o n ,  B. p r o t e u s ,  e n t e r o c o c c i  ( e s p e c i a l l y  when p r e s e n t  
i n  th e  f a e c e s  i n  l a r g e  numbers) s u g g e s t e d  t h e i r  p a t h o g e n i c  
s i g n i f i c a n c e  and i n d i c a t e d  th e  n e c e s s i t y  f o r  t h e  f u r t h e r  
i n v e s t i g a t i o n  o f  non-amoebic  d y s e n t e r y .
The q u e s t i o n  h a s  a l s o  b e e n  r a i s e d  a s  t o  w h e th e r  c e r t a i n  
of t h e s e  o rg an ism s  m igh t  be p r e s e n t  n o r m a l ly  i n  s m a l l  numbers 
i n  th e  i n t e s t i n e ,  h e l d  i n  check by  t h e  normal f l o r a  b u t  s t i l l  
under c e r t a i n  c o n d i t i o n s  c a p a b le  o f  r e p l a c i n g  t h e  common 
c o l i f o r m  t y p e e  (Browning,  Mackie and T h o r n t o n ) . I t  h a s  b e e n  
shown f o r  example how t h e  p r e s e n c e  o f  a  s e l e c t i v e  a n t i s e p t i c  
such a s  b r i l l i a n t  g r e e n  i n  f a e c e s  c u l t u r e s  m a y - le a d  t o  t h e
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a p p ea ra n c e  o f  u n u s u a l  o rgan ism s  no t  f r e q u e n t l y  fo u n d  i n  t h e  
normal f l o r a  (Browning, Mackie and  T h o rn to n  -  2 ) .  A lso  i n  
ty p h o id  and p a r a t y p h o i d  c a s e s  u n u s u a l  i n t e s t i n a l  o rg an ism s  
have b e e n  n o t e d  i n  l a r g e  numbers i n  c u l t u r e s  f rom  f a e c e s  
though n o t  so f r e q u e n t l y  a s  i n  non-amoebic  d y s e n t e r y  e . g .
B. Morgan No. 1 and  s i m i l a r  t y p e s ,  B. f a e c a l i s  a l k a l i g e n e s  
B. p a r a c o l o n  t y p e s ,  e n t e r o c o c c i  (v .  t a b l e  4 ) ;  i n  no c a s e  of  
e n t e r i c a  however were a t y p i c a l  o rg an ism s  of  t h e  d y s e n t e r y  
group fo u n d  i n  f a e c e s  c u l t u r e .
I t  was n o t e d  S a œ  t h a t  i n  amoebic  d y s e n t e r y  u n u s u a l  
b a c t e r i a  were o n ly  i n f r e q u e n t l y  met w i t h  and i t  was one of  
th e  f e a t u r e s  o f  amoebic  d y s e n t e r y  t h a t  p l a t e  c u l t u r e s  f rom  
the  s t o o l s  o f t e n  r e v e a l e d  a  g rowth  o f  o n ly  t y p i c a l  c o l i f o r m  
b a c i l l i .
I t  h a s  a l s o  b e e n  s u g g e s t e d  t h a t ,  some o f  t h e s e  s t r a i n s  
a re  o rg an ism s  t o  which  t h e  n a t i v e s  o f  Egypt  may be more or 
l e s s  immune b u t  t o  which* Europeans  a r e  s u s c e p t i b l e  (Browning,  
Mackie and T h o r n to n  -  3 ) ;  t h u s  i t  was w e l l  known t h a t  few 
s o l d i e r s  s h o r t l y  a f t e r  coming t o  Egypt  e s c a p e d  a n  a c u t e  
n o n - d y s e n t e r i c  d i a r r h o e a !  a t t a c k  l a s t i n g  2 t o  5 days  w i t h  
f ev e r  som etim es r e a c h i n g  103° P .  S e v e r a l  o f  t h e s e  c a s e s  
were examined and t h e  o rgan ism s  f o u n d ( u s u a l l y  i n  l a r g e  numbers) 
i n  th e  s t o o l s  were  B. Morgan No. 1, B. p a r a c o l o n ,  B. f a e c a l i s  
a l k a l i g e n e s ,  or  e n t e r o c o c c i .
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Morgan’ s i n v e s t i g a t i o n s  i n  ep idem ic  i n f a n t i l e  d i a r r h o e a  
i n  G rea t  B r i t a i n  have  i n d i c a t e d  t h a t  o rg an ism s  o f  t h e
B. Morgan No. 1 t y p e  a r e  t r u e  p a t h o g e n i c  e n t i t i e s .
I t  h a s  a l s o  b e e n  c l e a r l y  shown t h a t  B. f a e c a l i s  
a l k a l i g e n e s  i s  c a p a b le  of  e x e r t i n g  p a t h o g e n i c  p r o p e r t i e s ,  and 
of i n v a d i n g  t h e  b lo o d  s t r e a m  and  p r o d u c in g  a n  i r r e g u l a r  or 
i n t e r m i t t e n t  p y r e x i a  w i t h  more or l e s s  t o x a e m ia .  (Shearman 
and Moorhead, Thomson and H i r s t ) ,  The p o s s i b i l i t y  o f  i t s  
p ro d u c in g  a  l o c a l  p a th o g e n ic  e f f e c t  i n  t h e  I n t e s t i n e  can  
h a r d l y  be  d i s r e g a r d e d .
FURTHER OBSERVATIONS ON BACILLARY DYSENTERY.
With a  v iew  t o  t h e  f u r t h e r  i n v e s t i g a t i o n  of  n o n -a m o rb ic  
d y s e n t e r y ,  a  l a r g e  number of  c a s e s  of  o b v io us  d y s e n t e r y  and  
a l s o  ” s im p le  ” d i a r r h o e a  were  s y s t e m a t i c a l l y  s t u d i e d .
MTHODS.
F r e s h  s t o o l s  were examined ( l )  m i c r o s c o p i c a l l y  -  f o r  
the  d e t e c t i o n  o f  amoebae and o t h e r  p r o t o z o a  and  a l s o  t h e  
r e c o g n i t i o n  of  t h e  c e l l u l a r  e x u d a te  p r e s e n t ;  (2) 
b a c t e r i o l o g i c a l l y  -  c u l t u r e s  b e in g  made on p l a t e s  o f  
MacConkey's b i l e - s a l t - n e u t r a l - r e d - l a c t o s e - a g a r .
For  t h e  p r e l i m i n a r y  m ic r o s c o p ic  e x a m in a t io n  t h e  
f o l lo w in g  p r e p a r a t i o n s  were made: to w a rd s  one end  o f  a
m ic ro sc o p ic  s l i d e  a  l a r g e  d rop  of  normal  s a l i h e  was p l a c e d  
and a t  the  o t h e r  a  s i m i l a r  d rop  of  L u g o l ' s  i o d i n e  s o l u t i o n ;
1 2 .
a, l o o p f u l  o f  the  s t o o l  or  a  p o r t i o n  o f  mucus ( i f  p r e s e n t )  
was mixed i n  the  s a l i n e  and a n o t h e r  l o o p f u l  in  the  i o d i n e  
s o l u t i o n ;  t h e s e  p r e p a r a t i o n s  were c o v e re d  w i t h  No. 1 c o v e r -
g l a s s e s  and  examined w i t h  a  2 ” or o i l - i m m e r s i o n  l e n s .
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As th e  i n v e s t i g a t i o n  p r o c e e d e d  i t  became a p p a r e n t  t h a t  
the p r e l i m i n a r y  r e c o g n i t i o n  o f  a  b a c i l l a r y  i n f e c t i o n  c o u l d  be 
made by c a r e f u l  m ic r ô s c o p ic  e x a m in a t io n  o f ' t h e  i n t e s t i n a l  
d i s c h a r g e s ;  i n  b a c i l l a r y  c a s e s ,  g e n e r a l l y ,  m ic r o s c o p ic  
ex a m in a t io n  r e v e a l e d  the p r e s e n c e  o f  an  a b u n d a n t  and  
c h a r a c t e r i s t i c  c e l l u l a r  e x u d a te  and the  a b s e n c e . o f  p a t h o g e n i c  
amoebae. The c e l l s  p r e s e n t  were m o s t ly  p us  c e l l s ,  o f t e n  
e x t r e m e ly  d e g e n e r a t e ,  w i t h  a  v a r y i n g  number o f  r e d  c o r p u s c l e s  
and i n  the  e a r l y  s t a g e s  e p i t h e l i a l  c e l l s ;  i n  a d d i t i o n  t o  t h e s e ,  
l a rg e  p h a g o c y t i c  c e l l s  (macrophages)  were o f t e n  a  c o n s p i c u o u s  
f e a t u r e ;  t h e y  were immobile even  i n  r e c e n t l y  p a s s e d  s t o o l s  
and were d i f f e r e n t i a t e d  from amoebae by the  c h a r a c t e r  o f  the  
n u c le u s  w h ic h  was r e l a t i v e l y  l a r g e  and  n o t  o f  the  r i n g - l i k e  
type c h a r a c t e r i s t i c  o f  amoebae;  t h i s  was w e l l  s e e m  i n  the  
io d in e  p r e p a r a t i o n s .  They somewhat r e s e m b le d  l a r g e  e n d o t h e l i a l  
c e l l s .  Wenyon and O’Connor (2) have drawn a t t e n t i o n  to  t h e s e  
macrophage c e l l s  and have i n d i c a t e d  how t h e y  have been  
m is taken  f o r  amoebae by i n e x p e r i e n c e d  o b s e r v e r s .
I n  the  s t o o l  o f  amoebic i n f e c t i o n s  t h e r e  were few body 
c e l l s  u n l e s s  t h e  c ase  was a  mixed i n f e c t i o n ;  l e u c o c y t e s  were 
s c a n ty  and n o t  so d e g e n e r a t e  a s  in  b a c i l l a r y  d y s e n t e r y .
1 o •
T h is  p r e l i m i n a r y  o b s e r v a t i o n  made i t  p o s s i b l e  t o  r e p o r t  
a t  once t h a t  a  p a r t i c u l a r  c ase  was a b a c i l l a r y  d y s e n t e r y  so 
t h a t  s p e c i f i c  t h e r a p y  might  be a p p l i e d  w i t h o u t  d e l a y .
B a c . t e r i o l p g i c a l  E x a m in a t io n .
The medium fou n d  most c o n v e n i e n t  f o r  c u l t u r e  was 
MacConkey’ 6 b i l e - 6 a l t - n e u t r a l - r e d - l a c t o s e ? a g a r  made a c c o r d i n g  
to  the  o r i g i n a l  fo rm u la .  I t  was s im ple  in  c o m p o s i t i o n ,  e a s i l y  
p r e p a r e d  and  s t a b l e  a s  compared w i t h  o t h e r  d i f f e r e n t i a l  media  
f o r  the  i n t e s t i n a l  o rg a n is m s .  I t  a l s o  p r o v e d  s u f f i c i e n t l y  
i n h i b i t o r y  tow a rd s  the common a e r i a l  o rg an ism s  to  f a c i l i t a t e  
m a n i p u l a t i o n  o f  p l a t e s  in  drying and  i n o c u l a t i n g .  I t  a lw ay s  
y i e l d e d  w e l l  dev e lo p ed  c o l o n i e s  o f  the  d y s e n t e r y  b a c i l l i  when 
p r e s e n t  a n d  t h e r e  was no e v id e n c e  t h a t  i t  f a i l e d  to  dev e lo p  
s u f f i c i e n t l y  ab u n d an t  g row ths  o f  th e s e  o rg a n is m s .  The s u r f a c e s  
of the  p l a t e s ’ were a lw ays  r e n d e r e d  a s  d ry  a s  p o s s i b l e  b e f o r e  
i n o c u l a t i n g .  ( I f  even a  sm a l l  amount o f  c o n d e n s a t i o n  w a t e r  
i s  p r e s e n t ,  a  c o n f l u e n t  g row th  r e s u l t s  i n s t e a d  o f  i s o l a t e d  
c o l o n i e s ) .
The Method o f  I n o c u l a t i n g  P l a t e s  from F a e c e s .
I f  the  s t o o l  c o n t a i n e d  mucus, a  p o r t i o n  o f  the  mucus was 
p ic k e d  up on th e  p l a t i n u m  loop and  used  f o r  i n o c u l a t i o n ;  i f  the  
specimen was s im p ly  a f l u i d  f a e c a l  s t o o l ,  a l a r g e  l o o p f u l  was 
used.  The c o n t e n t s  o f  the  loop were f i r s t  sm eared  ove r  a  
s e c t i o n  o f  the  p l a t e  (A) (v. d ia g ra m ) ,  a n d  th e n  the  loop  was 
s t e r i l i z e d  i n  the  f l a m e .  I t  was r e c h a r g e d  by r u b b i n g  i t  ove r
Diagram t o  show method o f  i n o c u l a t i n g  p l a t e s
o  ' ' i '
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the  a r e a  A and t h e n  t h e  p l a t e  was i n o c u l a t e d  hy  s u c c e s s i v e  
s t r o k e s ,  f i r s t  t h e  s e r i e s  B and t h e n  th e  s e r i e s  C a t  r i g h t  
a ng les  t o  B. The lo o p  was a g a i n  c h a rg ed  from A and f u r t h e r  
s u c c e s s iv e  s t r o k e s  were made, D and E.
T h i s  method was found  t o  y i e l d  more u n i f o r m l y  
s a t i s f a c t o r y  r e s u l t s  t h a n  o t h e r  methods o f  i n o c u l a t i n g  p l a t e s .  
Of c o u r s e ,  r e s u l t s  depend on t h e  c o n c e n t r a t i o n  of  o rg an ism s  
p r e s e n t  i n  t h e  spec im en  and t h e  s i z e  o f  p l a t e  u s e d .  P l a t e s  of  
about 5-J- i n c h e s  d i a m e t e r  were u se d  or when t h i s  s i z e  was no t  
a v a i l a b l e  t h e  i n o c u l a t i o n  was d i s t r i b u t e d  over  two p l a t e s  of  
3-J or 4 i n c h e s ,  by  th e  same method.  ( I t  i s  e s s e n t i a l  t h a t  
th e  p l a t e s  be a b u n d a n t l y  i n o c u l a t e d  b u t  i f  t h e  spec im en
c o n t a i n s  a n  e x c e s s  o f  o rgan ism s , '  i t  may be d i f f i c u l t  t o  o b t a i n
s a t i s f a c t o r y  s e p a r a t i o n  of  t h e  c o l o n i e s .  T h is  i s  more l i k e l y  
to  happen i f  t h e  p l a t e  i s  i n o c u l a t e d  w i t h  a  s p r e a d e r  e . g .  a  
g l a s s  r o d  b e n t  a t  a  r i g h t  an g le . )  The method d e s c r i b e d  a l l o w e d  
a  heavy  i n o c u l a t i o n  t o  be made w i t h  th e  r e s u l t i n g  c o l o n i e s
w e l l  s e p a r a t e d  ( u n l e s s  i n  a r e a  A ) .
The p l a t e s  were ' incTubated over n i g h t ;  a f t e r  15-24  h o u r s  
t h e  c o l o n i e s  were u s u a l l y  s u f f i c i e n t l y  grown f o r  p i c k i n g  o f f  
th o se  t h a t  were c o n s i d e r e d  l i k e l y  t o  b e lo n g  t o  t h e  ” d y s e n t e r y  
g ro u p ,"  I f  no s u s p i c i o u s  c o l o n i e s  were no ted  a f t e r  24 h o u r s ,  
th e  p l a t e s  were  r e - i n c u b a t e d  b u t  on ly  i n  e x c e p t i o n a l  c a s e s  d i d  
t h i s  p ro ve  o f  a d d i t i o n a l  v a l u e .  As r e g a r d s  t h e  c o l o n i e s  o f  t h e  
d y s e n t e r y  b a c i l l i ,  t h e r e  were a p p a r e n t l y  no m o r p h o lo g i c a l
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c h a r a c t e r s  which  would e n a b le  one t o  d i f f e r e n t i a t e  them from 
c o lo n i e s  o f  c e r t a i n  o t h e r  n o n - l a c t o s e - f e r m e n t i n g  b a c i l l i  e . g .  
E. Morgan >To. 1, B, f a e c a l i s  a l k a l i g e n e s ,  B . t y p h o s u s  and t h e  
p a r a t y p h o id  b a c i l l i .  T h e i r  c o l o n i e s  a l s o  t e n d e d  t o  v a r y  
somewhat i n  s i z e ,  o p a c i t y  and ty p e  of  b o r d e r ,  hn MacConkey’ s 
medium t h e  c o l o n i e s  were g e n e r a l l y  s m a l l , "  p a l e , "  f i l m - l i k e ,  
s e m i t r a n s p a r e n t  d i s c s  w i th  a  c i r c u l a r  or wavy m arg in  and  of  
course  were e a s i l y  d i s t i n g u i s h e d  from B. c o l i  c o l o n i e s  which  
were l a r g e r ,  more opaque and g e n e r a l l y  c o l o u r e d  " r e d . "  I n  
t h i s  i n v e s t i g a t i o n ,  a s  com ple te  a  b a c t e r i o l o g i c a l  e x a m i n a t i o n  
as p o s s i b l e  was made a>nd a l l  t h e  " abnorm al  " o rgan ism s  
p r e s e n t  i n  t h e  s t o o l s  were s t u d i e d ;  t h e s e  were f o r  t h e  most  
p a r t  n o n - l a c t o s e - f e r m e n t e r s  and t h e i r  c o l o n i e s  were o f  t h e  
p a le  v a r i e t y  on MacConkey’ s medium; c e r t a i n  " a t y p i c a l  " 
v a r i e t i e s  o f  th e  d y s e n t e r y  group were found t o  f e r m e n t  l a c t o s e  
•in f l u i d  medium b u t  i n ' t h e  p r im a r y  c u l t u r e s  t h e s e  o rg an ism s  
u s u a l l y  p r e s e n t e d  p a l e  c o l o n i e s  a f t e r  24 h o u r s .
S u b c u l t u r e s  were made from each  ty p e  o f  p a l e  c o lo n y  on 
the  p l a t e  and a s  i t  was found t h a t  c o l o n i e s  which  a p p e a r e d  
to  be s i m i l a r  m igh t  r e p r e s e n t  e n t i r e l y  d i f f e r e n t  o rg a n is m s ,  
a t  l e a s t  4 c o l o n i e s  were s u b c u l t u r e d .
Bor p i c k i n g  o f f  c o l o n i e s  a  s t r a i g h t  p l a t i n u m  w i r e  w i t h  
i t s  end shaped  l i k e  a  l a n c e - h e a d  was used ;  t h i s  e n a b l e d  one 
e a s i l y  t o  p i c k  o f f  a  sm a l l  c o lo n y  w i t h o u t  t o u c h i n g  an 
a d j a c e n t  one .
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I r j iB ubcu l tu r ing  p a l s  c o l o n i e s  from MacConkey’ s medium, 
not i n f r e q u e n t l y  a n  e n t e r o c o c c u s  c o lo n y  was s u b c u l t u r e d ;  i n  
g e n e r a l  t h e s e  were s m a l l e r ,  of  more r e g u l a r  o u t l i n e ,  and  
d i s t i n c t l y  more opaque t h a n  th e  c o l o n i e s  o f  B, d y s e n t e r i a e  
bu t  sometimes t h e y  were d i f f i c u l t  t o  d i f f e r e n t i a t e .  I t  was 
found t h e r e f o r e  a d v i s a b l e  t o  make f i l m s  from th e  a g a r  s l o p e s  
and s t a i n  them by Gram’ s method b e f o r e  p r o c e e d i n g  w i t h  
f u r t h e r  t e s t s .
S u f f i c i e n t  g ro w th  on a g a r  s l o p e s  was u s u a l l y  o b t a i n e d  
w i t h in  8 h o u r s  a t  37°C t o  p ro c e e d  w i t h  t h e  e x a m in a t io n  of  
the  c u l t u r e s ;  t h e  f o l l o w i n g  media  were i n o c u l a t e d  from e a c h  
c u l t u r e .
1 . iube  o f  p e p to n e  w a t e r .
2 .  Durham’ s tu b e  of  g lu c o s e  p e p to n e  w a te r  ( w i th  n e u t r a l
r e d  a s  i n d i c a t o r ) .
3 .  *' " l a c t o s e  " " ’’
4 .  " ’* s a c c h a r o s e  ’’ " "
5 . " " m ann i te  " ’’ ’’
and t h e s e  were i n c u b a t e d  f o r  12 h o u r s .  The p e p to n e  w a te r  
c u l t u r e  was exam ined  f o r  m o t i l i t y  o f  th e  o rg an ism s  a f t e r
6-7 h o u r s .
I n  t h i s  way i t  was p o s s i b l e  t o  a s c e r t a i n  t o  what  g ro u p  
the  v a r i o u s  s t r a i n s  b e lo n g e d  and w he th e r  two or  more 
r e p r e s e n t e d  t h e  same ty p e  ( i n  which c a s e  o n ly  one was 
i n v e s t i g a t e d  f u r t h e r ) .
I f  a  c u l t u r e  e x h i b i t e d  the f o l l o w i n g  c h a r a c t e r s : -  
g ram -n e g a t iv e  n o n - s p o r i n g  b a c i l l u s ,  m o t i l i t y  — , g l u c o s e  
l a c to s e  — , s a c c h a r o s e  — , manni te  — or _j__ i . e .  c o r r e s p o n d i n g  
to the S h ig a  or  B le x n e r -Y  type  ( see  t a b l e  2A ) , th e  f i n a l  
i d e n t i f i c a t i o n  was made by t e s t s  w i t h  s p e c i f i c  a g g l u t i n a t i n g  
se ra  ( a n t i - S h i g a  and  a n t i - Y ) . The a g g l u t i n a t i n g  s e r a  were 
those s u p p l i e d  to  the  M i l i t a r y  L a b o r a t o r i e s  by th e  L i s t e r  
I n s t i t u t e ,  London.  The Y serum was p r e p a r e d  by immunizing  
an im als  w i t h  th e  o r i g i n a l  Y s t r a i n  of  H iss  a n d  B u s s e l l  and  i t  
was shown by C hick  t h a t  a n t i s e r a  to  t h i s  o rgan ism  u s u a l l y  
a g g l u t i n a t e d  s t r a i n s  o f  the  F l e x n e r  b a c i l l u s  to  a  deg re e  
commensurate w i t h  th e  homologous s t r a i n  b u t  t h a t  s e r a  p r e p a r e d  
w i th  B. d y s e n t e r i a e  F l e x n e r  were more s p e c i f i c  ( v . p .  22) .
Those s t r a i n s  which  a g g l u t i n a t e d  w i t h  S h ig a  or Y a n t i s e r a  
were c l a s s i l i e d  a s  t y p i c a l  B. d y s e n t e r i a e  S h ig a  and  F l e x n e r - Y  
r e s p e c t i v e l y .
F o r  the  a g g l u t i n a t i o n  t e s t  the  b a c i l l a r y  e m u l s io n s  were 
o b t a in e d  from the  o r i g i n a l  a g a r  slope,  c u l t u r e s  and  the  t e s t s  
were c a r r i e d  ou t  by the  t e c h n iq u e  d e s c r i b e d  i n  P a r t  1 (p .  27) . 
I t  was fo u n d  t h a t  the  a g g l u t i n a t i o n  of  B. d y s e n t e r i a e  d e v e lo p s  
much more s l o w l y  th an  i n  the  c ase  o f  B. t y p h o su s  or  V. c h o l e r a e  
and the  clumps t e n d  to  be s m a l l e r  and  l e s s  f l o c c u l e n t .  B e fo re  
r e a d in g  the  r e s u l t s  the  a g g l u t i n a t i o n  t u b e s  were a l l o w e d  to  
s ta n d  in  the  i n c u b a t o r  a t  37° C. f o r  3 h o u rs  and  th e n  f o r  1 
hour a t  room t e m p e r a t u r e .
a c i d  no g a s ;  — »  no a c i d  or  gas .
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i’he  c u l t u r e s ,  whether  a  s p e c i f i c  a g g l u t i n a t i o n  r e a c t i o n  
was o b t a i n e d  or no t  were then,  s t u d i e d  f u r t h e r ;  d u l c i t e  and 
m al tose  t u b e s  were i n o c u l a t e d  and t h e  p e p to n e  w a te r  was 
t e s t e d  f o r  i n d o l  a f t e r  48 h o u r s  and i f  n e g a t i v e ,  a g a i n  a f t e r
7-10 d a y s .  The f e r m e n t a t i o n  t u b e s  were a l s o  k e p t  a t  37°C. 
fo r  7 days b e f o r e  f i n a l  r e a d i n g s  were made* A g e l a t i n  s t a b  
c u l t u r e  was a l s o  made t o  t e s t  f o r  l i q u e f a c t i o n  o f  t h i s  medium.
I f  t h e  s t r a i n  s t i l l  a p p e a re d  t o  have t h e  c h a r a c t e r i s t i c  
r e a c t i o n s  o f  a  t y p i c a l  d y s e n t e r y  b a c i l l u s ,  t h e  a g g l u t i n a t i o n  
t e s t  was r e p e a t e d  a f t e r  th e  s t r a i n  had  b e en  s u b c u l t u r e d  
s e v e r a l  t im e s  and a  sm a l l  p r o p o r t i o n  of s t r a i n s  i n a g g l u t i n a b l e  
a f t e r  i s o l a t i o n  r a p i d l y  became a g g l u t i n a b l e  on s u b c u l t u r e .
I f  th e  s t r a i n  r em a in e d  i n a g g l u t i n a b l e ,  i t  was c l a s s i f i e d  
w ith  t h e  *' a t y p i c a l  ” v a r i e t i e s .  I f ,  i n  th e  p r e l i m i n a r y  t e s t s ,  
the  sugam r e a c t i o n s  were not  t h o s e  o f  t h e  c l a s s i c a l  t y p e s  b u t  
i f  the  o rg an ism  was a  n o n - m o t i l e , n o n - s p o r i n g , g r a m - n e g a t i v e  
b a c i l l u s  which  d id  no t  p roduce  g a s  from t h e  s u g a r s  i t  
f e rm e n te d ,  i t  was c l a s s i f i e d  w i th  th e  a t y p i c a l  d y s e n t e r y  
b a c i l l i  and  i t s  c u l t u r a l  and b io c h e m i c a l  r e a c t i o n s  were  
i n v e s t i g a t e d  t h o r o u g h l y  a s  i n  t h e  c a se  of  t h e  i n a g g l u t i n a b l e  
s t r a i n s  r e f e r r e d  t o  above (v .  t a b l e  2B). A l a r g e  number of 
t h e s e  o rg an ism s  were a l s o  t e s t e d  w i t h  a n t i - S h i g a ,  -Y, and 
-  F l e x n e r  s e r a  b u t  were i n v a r i a b l y  found  i n a g g l u t i n a b l e .
Animal v i r u l e n c e  t e s t s  ( v . p .  ACj ) were a l s o  c a r r i e d  ou t  w i t h  
r e p r e s e n t a t i v e s  o f  th e  v a r i o u s  c u l t u r a l  t y p e s  o f  t h e s e  
o rg a n i s m s .
GENERAL RESULTS.
D u r in g  the p e r i o d  A p r i l  to  Sep tem ber ,  1916, 1530 c a s e s  
of a c u te  and  c h r o n i c  d y s e n t e r y ,  " s im ple  d i a r r h o e a , "  and  c a s e s  
r e c o v e r e d  f rom  d y s e n t e r i c  o r  d i a r r h o e a l  i l l n e s s e s  were exam ined  
in the  c o u r s e  of the  u s u a l  l a b o r a t o r y  r o u t i n e .  Many o f  t h e s e  
case s  a t  th e  t ime o f  e x a m in a t io n  showed no e v id e n c e  o f  d y s e n t e r y  
as ju d g ed  by the  c o n d i t i o n  of the  s t o o l s  and the  b a c t e r i o l o g i c a l
r e s u l t s  were n e g a t i v e ;  some of  the  spec im ens  exam ined  were f l u i d
d i a r r h o e a l  s t o o l s  w i t h o u t  obvious  b l o o d  and  mucus. The g e n e r a l  
r e s u l t s  o f  the  i n v e s t i g a t i o n  a re  shown i n  Table  1* .  To 
i n d i c a t e  th e  p r o p o r t i o n  of  the t o t a l  number of t h e s e  c a s e s  
which p r e s e n t e d  a t  the  t ime of  e x a m in a t io n  o bv io us  p a t h o l o g i c a l  
s ig n s  o f  d y s e n t e r y ,  t h e  number of  c a s e s  w i t h  mucus or b l o o d  and
mucus i n  the  specim en  examined i s  g iv e n .
The p e r c e n t a g e  of  the  d i f f e r e n t  d y s e n t e r i c  i n f e c t i o n s  
reckoned  i n  t e rm s  o f  the  a c u te  c a s e s  was a s  f o l l o w s : -
Entamoeba h i s t o l y t i c a * *  — 1 1 .2 ^
B. d y s e n t e r i a e  S h ig a  — 9. )
) - 2 8 . 1
B. d y s e n t e r i a e  F le x n e r -Y  — 1 9 .1 )  )
) - 4 7 . 2
" B. d y s e n t e r i a e ,  a t y p i c a l  " — 1 9 .1  )
* I t  i s  i m p o s s i b l e  t o  g iv e  f u l l e r  d e t a i l s  a s  the  d e t a i l e d  
l a b o r a t o r y  r e c o r d s  were l o s t  a t  s e a  dn  1918 due to  the  s i n k i n g  
by enemy a c t i o n  of  th e  t r a n s p o r t  on w h ich  I  was t r a v e l l i n g  
i’rom E g y p t .
**It i s  n o t  i n t e n d e d  to  d e a l  here w i t h  the  s t r i c t l y  p r o t o z o o l c g i c a l  
a s p e c t s  o f  d y s e n t e r y ;  the  p r o t o z o o l o g i c a l  f i n d i n g s  a r e  only  
i n s e r t e d  f o r  com par ison  and . to com ple te  th e  d a t a  i n  th e  s e r i e s  
r e f e r r e d  t o .
TABLE 1.
T o ta l  number of  c a s e s  examined - - -  - -  - -  - -  - -  - -  1530.
Cases w i t h  mucus or  b l o o d  a n d  mucus in  s t o o l  - - - - - -  443.
Cases i n  w h ic h  Entamoeba h i s t o l y t i c a  ( f r e e
or  e n c y s t e d )  fo u nd  - - -  - -  - -  - -  - -  - -  - -  - -  50.
Cases i n  w h ic h  B. d y s e n t e r i a e  F l e x n e r - Y  fo u n d  - - - - -  85.
“ " S h ig a  " - - - - - -  40.
" ** *’ " a t y p i c a l  d y s e n te r y  b a c i l l i "  fou n d  - - - - 85.
Mixed i n f e c t i o n s  (amoebic  and  b a c i l l a r y  -  1 w i t h
B. d ys .  S h ig a  and  1 w i t h  B. dys .  F le x n e r -Y )  - - - -
Cases i n  w h ic h  no amoebae or d y s e n t e r y  b a c i l l i
fo u n d  b u t  B. Morgan No. 1 p r e s e n t  in  s t o o l  - - - - -  59.
" '* B. "C .L .A ."  No. 1 " " " - - - - -  6 .
(v .  t a b l e  3)
" " " B. "C .L .A ."  No. 2 " " "............................  26.
" " " B. f a e c a l i s  a l k a l i g e n e s  " " - - - - -  7 7 .
" " " B. p a r a c o l o n  ty p e s  " " 80.
In  a few c a s e s  ( in  the  absence  o f  o t h e r  f i n d i n g s )  th e  o n l y '
u n u su a l  o r g a n i s m  p r e s e n t  was B. p r o t e u s , a n d  i n  some c a s e s  a l s o  
p l a t e  c u l t u r e s  y i e l d e d  an ab undan t  g ro w th  of  e n t e r o c o c c i .  I n  
a c o n s i d e r a b l e  number of  c a s e s  B. Morgan No. 1, B. " C .L .A ."  1 
and 2, B. f a e c a l i s  a l k a l i g e n e s  a n d  B. p a r a c o l o n  t y p e s  were 
p r e s e n t  a l o n g  w i t h  B. d y s e n t e r i a e ,  and  i n  many c a s e s  f rom  w h ic h  
B. d y s e n t e r i a e  was a b s e n t  mixed i n f e c t i o n s  w i t h  two o r  even  
th ree  o f  t h e s e  o rg an ism s  were n o t e d .  I n  the  t a b l e  t h e s e  c a s e s
TABLE 1 ( C o n t i n u e d )  .
a re  r e c o r d e d  un de r  the  organism found  to  be most  numerous i n  
the  p a r t i c u l a r  c a s e .  ( In  168 c a s e s  a l s o  f l a g e l l a t e  p r o t o z o a ,  
I a m b i ia  i n t e s t i n a l i s , T e t r a m i t u s  M e s n i l i  (Wenyon),
Trichomonas hom inis  were n o t e d  in  the  absen c e  of  o t h e r  
f i n d i n g s . )
table  2A.
CLASSICAL DYSENTERY BACILLI
Gram-negative, non-sporing, aerobic b a c i l l i )
M otil-  Glue- Lact- Dul- Saccha- Man- Malt- xndol ^ela- 








" TYPICAL *» DYSENTERY BACILLI.
Agglutinated by a n t i serum to  
c la s s ic a l  s tra in .
"flexner-Y" — -L — — — _L
Agglutinated by antiserum to 
c la s s ic a l  Y s tra in .
— Acid no gas.









Gram-negative, non-sporing, aerobic b a c i l l i .
Types M otiLity Glucose Lactose Dul c i t  e Saccharose Mannite Maltose Indpl Gela&in
(Corresponds to  B. d y s .
1 .   JL     — — — —. _  .(S h ig a  but not agglu-





7 .  —
8 .  —
— — — X  ; — — ) Correspond to  B. dys.
— — — X  — )_?lexner-Y but not
X  —, — — X  X  — ) agglu tinated  by the
X  —. — — X  X  X  — ) anti-Y  serum.
X  — .  —  4̂  —  X  4 -  —12 . 
1 6 .  —  X  —  —  X  X  X  X
2 0 .  — , X  —  X  —  —  X
2 2 .  —  X  —  X  —  X  —  . . . ; X
2 4 .  —  - L  —  X  —  X  X  '
32. — — X  X  X  X  X
_  X  X  -  X  X X
X  X  — X  X  X X
_  X  X  X  -  X  X  X
X  X  X  X  X  X
X  à  a c id  no gas .
The numerical c l a s s i f i c a t i o n  i s  based on the various p o ss ib le  combinations o f  cu ltu ra l rea c t io n s .
TABLE 3 .
CONCOMITANTS OF E . DYSENTERIAE.
1. B. llorgaui No. 1







3. B. f a ô c a l l s  
a lk a ligen es  types
4. B. paracolon types
5. B. proteus types











All gram-negative, aerob ic , non-sporing b a c i l l i .
6 . E. pyocyaneus.
7. A gram-negative, non-carbohydrate ferm enting, non-m otile , c o c c o - b a c i l lu s .
8. E n t e r o c o c c i .
Table 1 in d ic a te s  gen era lly  the frequency of these organisms in  dysentery cases  ; those referfed^^ W not
represented in ta b le  1 were only noted in  the subsequent in v e s t ig a t io n s  and were o f  rare occurrence.
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The p e r c e n t a g e  of  a c u te  c a s e s  o f  non-am oebic  d y s e n t e r y ,  
t h e r e f o r e ,  f rom w h ic h  c l a s s i c a l  d y s e n t e r y  b a c i l l i  c o u l d  be 
i s o l a t e d  was r e l a t i v e l y  low and a s  many a t y p i c a l  o rg a n is m s  were 
n o ted  a s  t y p i c a l  F le x n e r -Y  ty p e s ;  i n  a  l a r g e  number of  a c u t e  
c a se s  a l s o  o n ly  o rgan ism s  s u c h  a s  B. Morgan No. 1 a n d  a l l i e d  
ty p e s ,  B. f a e c a l i s  a l k a l i g e n e s ,  B. p a r a c o l o n  t y p e s  were p r e s e n t  
In  s h o r t ,  the  more e x t e n s i v e  i n v e s t i g a t i o n  of  d y s e n t e r y  c a s e s  
c o n f i rm ed  th e  o r i g i n a l  o b s e r v a t i o n s .
C o n t in u e d  i n v e s t i g a t i o n s  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  
the t y p e s  o f  d y s e n t e r y  b a c i l l i  t h a t  c o u ld  be i s o l a t e d  from 
a c u te  c a s e s  y i e l d e d  the  f o l l o w i n g  t o t a l  r e s u l t s :  i n  451 c a s e s  
from w h ic h  t h e s e  o rgan ism s  were i s o l a t e d
99 were B. d y s e n t e r i a e  S h ig a  i n f e c t i o n s  
179 " " B lex n e r -Y  "
and i n  173 a t y p i c a l  v a r i e t i e s  were fo un d .
I n  the  m a j o r i t y  of c a s e s  w i t h  ob v ious  d y s e n t e r y  or  
d i a r r h o e a  from which  th e s e  o rgan ism s  or en tamoebae were a b s e n t  
the f o l l o w i n g  t y p e s  were p r e s e n t  i n  th e  s t o o l s ,  and  o f t e n  i n  
l a r g e  numbers :
B. Morgan No. 1 
B. " C-.L.A. " ty p e s  
B. p a r a c o l o n  ty p e s  
B. f a e c a l i s  a l k a l i g e n e s  
B. p r o t e u s  
B. pyocyaneus  
E n te r o c o c c i
A g ra m -n e g a t iv e  n o n - m o t i l e  n o n . - c a r b o h y d r a t e - 
f e r m e n t i n g  c o c c o - b a c i l l u s .
Often  two or  t h r e e  o f  t h e s e  o rgan ism s were p r e s e n t  t o g e t h e r
in th e  s t o o l s .  The most p r e v a l e n t  t y p e s  have a l r e a d y  been
- see t a b l e  3.
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i n d i c a t e d  ( t a b l e  l )  — B, Morgan No, 1, B, f a e c a l i s  a l k a l i g e n e s .  
B, p a r a c o l o n  and  B " C .L ,A ,” No, 2 ^
B. DYSENTERIAE SHIGA STRAINS. 
i’he  S h i g a  s t r a i n s  i s o l a t e d  i n v a r i a b l y  c o r r e s p o n d e d  i n  
t h e i r  c u l t u r a l  and  b i o c h e m i c a l  r e a c t i o n s  t o  t h e  c l a s s i c a l  
type and showed a  s p e c i f i c  a g g l u t i n a t i o n  r e a c t i o n  ( i , e ,  
a p p ro x im a te ly  t o  e n d - t i t r e )  w i th  a  homologous a g g l u t i n a t i n g  
serum. Only a  few s t r a i n s  which c o r r e s p o n d e d  i n  c u l t u r a l  
r e a c t i o n s  t o  t h e  S h ig a  ty p e  and d id  not  a g g l u t i n a t e  i n  p r i m a r y  
c u l t u r e ,  became a g g l u t i n a b l e  a f t e r  r e p e a t e d  s u b c u l t u r e .  No 
n o n - m a n n i t e - f e r m e n t i n g  s t r a i n s  which r e s e m b le d  t h e  S h i g a  t y p e  
in  most o f  t h e i r  c u l t u r a l  r e a c t i o n s  b u t  d i f f e r e d  a s  r e g a r d s  
the  f e r m e n t a t i o n  o f  d u l c i t e ,  s a c c h a r o s e ,  m a l t o s e ,  o r  th e  
p r o d u c t io n  o f  i n d o l  ev e r  a g g l u t i n a t e d  even i n  low t i t r e s  w i t h  
a Sh iga  se rum .  Thus t h e  o n ly  o rg an ism s  o f  th e  d y s e n t e r y  
group which r e a c t e d  t o  th e  S h ig a  serum were t h o s e  which 
c o r r e sp o n d e d  e x a c t l y  w i t h  the  c l a s s i c a l  ty p e  i n  c u l t u r a l  
r e a c t i o n s .
B. I DYSENTERIAE FLEXNER-Y STRAINS.
O r i g i n a l l y  t h e  F l e x n e r  and Y (H iss  and R u s s e l l )  t y p e s  
were d e s c r i b e d  a s  s e p a r a t e  v a r i e t i e s  b u t  i t  p r o v e d  d i f f i c u l t  
to  i d e n t i f y  by s e r o l o g i c a l  r e a c t i o n s  new s t r a i n s  w i t h  t h e s e  
c l a s s i c a l  t y p e s .  I n  r o u t i n e  d i a g n o s t i c  work such  d i f f e r e n t i a ­
t i o n  a p p e a r e d  u n n e c e s s a r y  and t h e  sys tem  a d o p te d  was to  
c l a s s i f y  a l l  m a n n i t e  f e r m e n t in g  t y p e s  which r e a c t e d  w i t h  t h e
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Y serum as Flexner-Y organisms in  v irtue of the fa c t  that th is  
serum a lso  agg lu tin ated  in  high t i t r e s  a l l  organisms which 
reacted to the an ti-F lexner serum* The Y serum used was that  
of the L is te r  I n s t i tu te  and at that time was prepared by 
immunizing with the c la s s i c a l  Y s tra in  of Hiss and R u sse ll  
(v.p. 17) .  The s tra in s  of th is  type invariab ly  corresponded  
in their cu ltu r a l  reaction s  to the c l a s s i c a l  types, varying  
only in  ferm entation of maltose and as regards the formation  
of in dol. A ll  the s tra in s  irresp e c t iv e  of these v a r ia t io n s  
agglutinated approximately to en d -t itr e  with the Y serum. No 
strains of  the dysentery group which d if fer e d  in  biochem ical 
characters from the ty p ic a l v a r ie t ie s  reacted  with the Y serum. 
Sac charose-ferm enting s tra in s  which reacted  with a Y serum have 
been described  by other observers (Martin and Williams, Glynn 
and others) but in  these in v e s t ig a t io n s  in Egypt i t  was 
invariably found that the Flexner-Y s tra in s  f a i le d  to  ferment 
saccharose or la c to se  and that mannite-fermenting s tr a in s  
which a f te r  some days incubation fermented saccharose or 
lactose were not agglu tinated  by the Y serum and were th ere­
fore c l a s s i f i e d  as a typ ica l organisms.
An a n t i - F l e x n e r  serum (Royal Army M e d ic a l  C o l l e g e )  was 
a l s o  u se d  i n  p a r a l l e l  s e r i e s  i n  th e  a g g l u t i n a t i o n  t e s t s  o f  a  
c o n s i d e r a b l e  number o f  m a n n i t e - f e r m e n t e r s  and o n ly  a  s m a l l  
p r o p o r t i o n  o f  t h e s e  r e a c t e d  t o  i t  e v en  i n  low t i t r e s .  A
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s t r a i n  which  was a g g l u t i n a t e d  by the F l e x n e r  serum was 
i n v a r i a b l y  a g g l u t i n a t e d  b y . t h e  Y serum.
A h i g h - t i t r e  a g g l u t i n a t i n g  serum was o b t a i n e d  to  a  
s t r a i n  which  r e a c t e d  w i th  t h e  Y serum^ b u t  n o t  w i t h  t h e  
F lexner  serum; i t  was found t h a t  t h i s  serum o n ly  a g g l u t i n a t e d  
a small  number o f  s t r a i n s  which r e a c t e d  up to  e n d - t i t r e  w i t h  
the Y serum a n d  none of  t h e s e  r e a c t e d  w i t h  t h e  F l e x n e r  serum. 
Thus a t  l e a s t  t h r e e  s e r o l o g i c a l  t y p e s  c o u ld  be  
r e c o g n i s e d  i n  th e  g r o u p .
1. (M a jo r i ty  o f  
s t r a i n s  o f  
F lexner-Y  
g r o u p ) .
2 .
A n t i -Y  serum 
( L i s t e r  
I n s t i t u t e )
4-
Serum t o  s t r a i n  
A n t i - F l e x n e r  a g g l u t i n a t e d  by
serum (R.A.M. Y serum b u t  n o t
C o l le g e )  by  F l e x n e r  serum
3, X 4-
-h i n d i c a t e s  a g g l u t i n a t i o n  a p p r o x i m a t e ly  up t o  e n d - t i t r e  
o f  serum, .
I t  was a p p a r e n t  t h e r e f o r e  t h a t  th e  F l e x n e r - Y  g ro u p  was 
not s e r o l o g i c a l l y  homogeneous and  t h a t  i t  i n c l u d e d  d i f f e r e n t  
s e r o l o g i c a l  t y p e s  a l l  c a p a b le  o f  r e a c t i n g  t o  th e  p a r t i c u l a r  
Y serum; t h u s  t h e  c l a s s i c a l  s t r a i n  w i t h  which th e  a g g l u t i n a t i n g  
serum vvas p r e p a r e d  a p p e a re d  t o  r e p r e s e n t  a n t i g e n i c  p r o p e r t i e s  
common co t h e  whole g r o u p .  The s e r o l o g i c a l  p ro b lem  i n  t h i s
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group seemed t h e r e f o r e  a  complex one, b u t  a t  t h a t  t im e  f u r t h e r  
s tudy o f  uhe s u b j e c t  was i n t e r r u p t e d  by th e  r o u t i n e  work of  
the  l a b o r a t o r y .
S u b s e q u e n t ly  t h e  s e r o l o g i c a l  c h a r a c t e r  o f  t h e  g roup  
were s t u d i e d  i n  d e t a i l  by  Murray,  and by Andrewes and  Inman. 
Murray fo un d  t h a t  f o u r  a n t i  s e r a  p r e p a r e d  from  s e l e c t e d  members 
of the  F l e x n e r - Y  g ro u p  were r e q u i r e d  t o  ” b r i n g  down t h e  whole 
of the  s e r i e s  o f  F l e x n e r - Y ^ s  s t u d i e d , "  b u t  n o t e d  t h a t  t h e r e  
was a  c o n s i d e r a b le  amount o f  " o v e r l a p p in g  " i n  the  
a g g l u t i n a t i o n  r e s u l t s  be tw een  th e  d i f f e r e n t  s e r o l o g i c a l  t y p e s .  
Andrewes and  Inman i n d i c a t e d  from t h e i r  o b s e r v a t i o n s  t h e  
e x i s t e n c e  of " a t  l e a s t  f o u r  d i s t i n c t  a n t i g e n i c  components  i n  
the g r o u p , "  d e s i g n a t e d  V, V/, X and Z and t h a t  " any one of  
th ese  f o u r  may so p re d o m in a te  i n  d i f f e r e n t  s t r a i n s  a s  to  
impart  a  d i s t i n c t  s e r o l o g i c a l  f a c i e s . "  They a l s o  showed a s  
r e g a r d s  t h e  Y t y p e  of H iss  and R u s s e l l  t h a t  t h e r e  was no t  
s u f f i c i e n t  e v id e n c e  o f  i t s  r e p r e s e n t i n g  a  f i f t h  a n t i g e n i c  
component s i n c e  th e  a g g l u t i n i n  c o u ld  be a b s o r b e d  by  a  
com bina t ion  o f  V, W, X and Z. They i n d i c a t e d  a l s o  t h a t  t h e  V 
type c o r r e s p o n d e d  w i t h  t h e  o r i g i n a l  F l e x n e r  s t r a i n .
They recommended f o r  th e  i d e n t i f i c a t i o n  o f  t h e  F l e x n e r - Y  
group a  p o l y v a l e n t  a g g l u t i n a t i n g  serum p r e p a r e d  by p o o l i n g  
monovalent  s e r a  to  t h e s e  d i f f e r e n t  t y p e s Q
I t  was n o t e d  t h a t  c e r t a i n  S h ig a  s t r a i n s  were a g g l u t i n a t e d  
a p p r o x i m a t e l y  to  f u l l  t i t r e  by th e  Y serum; t h e s e  s t r a i n s
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c o r re sp o n d e d  i n  c u l t u r a l  r e a c t i o n s  w i t h  t h e  c l a s s i c a l  S h ig a  
type and  r e a c t e d  w i t h  an  a n t i - S h i g a  serum. C hick  h a s  drawn 
a t t e n t i o n  t o  t h e  f a c t  t h a t  t h e  Y sérum e x e r t s  a  w e l l  marked 
" group " a g g l u t i n a t i o n  tow ards  B. d y s e n t e r i a e  S h ig a ,  h u t  w i t h  
an e n d - t i t r e  low er  t h a n  t h a t  f o r  t h e  homologous o r g a n i s m .
On th e  o t h e r  hand no F le x n e r -Y  s t r a i n s  r e a c t e d  t o  an y  
degree  w i t h  t h e  S h ig a  serum.
Only a  s m a l l  number o f  s t r a i n s  found t o  be  i n a g g l u t i n a b l e  
i n  p r im a r y  c u l t u r e  became a g g l u t i n a b l e  a f t e r  r e p e a t e d  
s u b c u l t u r e .
THE ** ATYPICAL DYSENTERY BACILLI."
The " a t y p i c a l  " v a r i e t i e s  owing t o  t h e i r  c l o s e  
b i o l o g i c a l  r e l a t i o n s h i p  t o  th e  c l a s s i c a l  o rg an ism s  a p p e a r e d  
of c o n s i d e r a b l e  s i g n i f i c a n c e  from th e  a e t i o l o g i c a l  s t a n d p o i n t  
e s p e c i a l l y  when t h e y  o c c u r r e d  i n  l a r g e  numbers i n  th e  e x c r e t a  
d u r in g  t h e  e a r l i e r  p h ase  o f  a n  a c u t e  c a s e  i n  which no amoebae 
or t y p i c a l  d y s e n t e r y  b a c i l l i  c o u ld  be d e t e c t e d .
26.
In  t h e s e  i n v e s t i g a t i o n s  o rg an ism s  of  t h i s  type  were so 
f r e q u e n t l y  met w i t h  in  a c u t e  d y s e n t e r y  t h a t  t h e i r  o c c u r r e n c e  
could  n o t  be i g n o r e d .  They had a p p a r e n t l y  no p l a c e  among the 
normal i n t e s t i n a l  f l o r a  a s  ju dg ed  by a  c o n s i d e r a b l e  p e r s o n a l  
ex p e r ien c e  o f  i n t e s t i n a l  b a c t e r i a  i n  G re a t  B r i t a i n  an d  in  
Egypt '  Moreover  in  a  s e r i e s  of 438 spec im ens  of  f a e c e s  f rom 
e n t e r i c a  c a s e s  c u l t u r e d  by d i r e c t  p l a t i n g  on the  same medium 
as t h a t  u s e d  f o r  th e  i s o l a t i o n  of  d y s e n t e r y  b a c i l l i ,  o r g a n i s m s  
of t h i s  type  were n e v e r  met w i t h  though  a l l  t y p e s  o f  p a l e  
c o lo n i e s  on t h e s e  p l a t e s  were f u l l y  i n v e s t i g a t e d .
I n  o n ly  two c a s e s  o f  amoebic d y s e n t e r y  were t h e s e  
organisms n o t e d ;  of  c ou rse  c l a s s i c a l  d y s e n t e r y  b a c i l l i  have 
a l s o  been  fo u n d  i n  amoebic c a s e s .
These f a c t s  t o g e t h e r  w i t h  t h e i r  c l o s e  s i m i l a r i t y  t o  the  
t y p i c a l  v a r i e t i e s  s u g g e s t e d  the  l i k e l i h o o d  of  t h e i r  b e i n g  
d y sen te ry  p r o d u c e r s .
Bahr  has  s u g g e s t e d  t h a t  the  a t y p i c a l  o rg an ism s  m igh t  
be c o n c o m i t a n t s  o f  the  t y p i c a l  v a r i e t i e s  and  n o t  p r i m a r y  
c a u s a l  a g e n t s  t h e m s e lv e s ;  from my own e x p e r i e n c e  I am u n a b le  
to a g re e  w i t h  t h i s  v iew ;  i t  was q u i t e  e v i d e n t ,  however, t h a t  
c e r t a i n  o t h e r  o rg an ism s  which  a p p e a re d  i n  t h e  s t o o l â  o f  
d y sen te ry  c a s e s  (B. Morgan No. 1, e t c .  - v . su p ra )  c o u ld  be 
r e g a rd e d  a s  c o n c o m i t a n t s  (v .  i n f r a ) .
The g roup  o f  a t y p i c a l  d y s e n t e r y  b a c i l l i  may be d e f i n e d  a s  
g ra m -n e g a t iv e ,  n o n - m o t i l e ,  n o n - s p o r i n g ,  a e r o b i c  b a c i l l i ,  n o t
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l i q u e f y i n g  g e l a t i n ,  a lw ays  f e r m e n t i n g  g lu c o s e  ( w i t h o u t  gas 
p r o d u c t i o n ) , d i f f e r e n t  s t r a i n s  v a r y i n g  a s  r e g a r d s  t h e  
f e r m e n t a t i o n  o f  l a c t o s e ,  d u l c i t e ,  s a c c h a r o s e ,  m a n n i t e ,  m a l t o s e ,  
( in  a l l  c a s e s  w i t h o u t  gas p r o d u c t i o n ) ,  and t h e  f o r m a t i o n  o f  
indo l  f rom p e p to n e ,  and  no t  a g g l u t i n a t e d  by a  Y, F l e x n e r  or 
Shiga serum, e v en  a f t e r  r e p e a t e d  s u b c u l t u r e .  The r e a c t i o n s  
of th e  t y p e s  met w i t h  a r e  shown i n  t a b l e  2B.
Some o f  them c o r r e s p o n d e d  in  a l l  t h e i r  c u l t u r a l  r e a c t i o n s  
to  th e  S h i g a  or F l e x n e r - Y  t y p e s  b u t  f a i l e d  t o  r e a c t  w i t h  the* 
r e s p e c t i v e  a g g l u t i n a t i n g  s e r a ;  t h e s e  were a t  f i r s t  d e s c r i b e d  
as " i n a g g l u t i n a b l e  B, d y s e n t e r i a e  S h ig a  or F l e x n e r - Y . "
M ar t in  and W i l l i a m s  a l s o  d e s c r i b e d  o rgan ism s  o f  t h i s  t y p e  and 
r e g a rd ed  them a s  t r u e  d y s e n t e r y  b a c i l l i .  Only a  few s t r a i n s  
which a t  f i r s t  a p p e a r e d  t o  b e lo n g  t o  t h i s  c a t e g o r y  became 
a g g l u t i n a b l e  a f t e r  r e p e a t e d  s u b c u l t u r e  on a r t i f i c i a l  m edia ,  
and were o f  c o u r s e  c l a s s i f i e d  a s  t y p i c a l  v a r i e t i e s ;  c e r t a i n  
s t r a i n s  w hich  i n  p r im a r y  c u l t u r e  might  have b een  c l a s s i f i e d  
as i n a g g l u t i n a b l e  B. d y s e n t e r i a e  r a p i d l y  underw en t  s p o n ta n e o u s  
m u ta t ion  and d i s p l a y e d  f e r m e n t a t i v e  c h a r a c t e r s  which  c l e a r l y  
d i f f e r e n t i a t e d ^ t h e m  from t h e  t y p i c a l  o rg a n is m s .  Thus, s t r a i n s  
which a t  f i r s t  a p p e a r e d  t o  c o r r e s p o n d  t o  t h e  F l e x n e r - Y  t y p e  i n  
b io c h e m ic a l  c h a r a c t e r s ,  d e v e lo p ed  i n  l a c t o s e ,  s a c c h a r o s e  a,nd 
l e s s  f r e q u e n t l y  i n  d u l c i t e  v a r i a n t s  which r a p i d l y  f e r m e n te d  
th e se  s u g a r s  j u s t  a s  i n  t h e  case  o f  t h e  m u ta t i n g  c o l i f o r m
28.
b a c i l l i  (v .  P a r t  1, p .  55 ) .  These a l l  p r o v e d  i n a g g l u t i n a b l e  
by the  Y serum. O th e r  s t r a i n s  r e t a i n e d  t h e i r  o r i g i n a l  
c h a r a c t e r s  and  rem a in e d  s t a b l e .  C e r t a i n  a l s o ,  when f i r s t  t e s t e d ,  
e x h i b i t e d  f e r m e n t a t i v e  r e a c t i o n s  a f t e r  24 ho u rs  w h ich  
d i f f e r e n t i a t e d  them from the  c l a s s i c a l  t y p e s  and  a l l  of  t h e s e  
proved i n a g g l u t i n a b l e  by the  S h ig a ,  F l e x n e r  and  Y s e r a .
Some doub t  has been  c a s t  on the  f e r m e n t a t i v e  c h a r a c t e r s  
of o rg an ism s  r e c o r d e d  by w ork e rs  i n  the  E a s t  d u r in g  t h e  war 
owing to  th e  d o u b t f u l  p u r i t y  o f  " s u g a r s  " s u p p l i e d  to  the  
M i l i t a r y  L a b o r a t o r i e s  from Army S t o r e s .  Specimens of  impure 
sugars  were o c c a s i o n a l l y  s u p p l i e d ,  b u t  on ly  i n  the  hands  of  
i n e x p e r i e n c e d  w o rk e r s  c o u ld  su ch  i m p u r i t i e s  e sca p e  n o t i c e :  
i t  t h e r e f o r e  became a  r o u t i n e  method a t  the  Base L a b o r a t o r y  i n  
A lex an d r ia  to  t e s t  specim ens  o f  l a c t o s e ,  d u l c i t e ,  s a c c h a r o s e ,  
mannite and  m a l to s e  w i t h  known s t r a i n s  of B. ty p h o su s ,
B. p a r a t y p h o s u s  A, B. d y s e n t e r i a e  Sh iga ,  B. d y s e n t e r i a e .F l e x n e r  
and B. d y s e n t e r i a e  Y. I f  any a b e r r a t i o n s  were n o t e d ,  the  
specimen i n  q u e s t i o n  was d i s c a r d e d .  ' I n  1916 a l s o  p r a c t i c a l l y  
a l l  the  s u g a r s  u se d  by  me were p r e - w a r  p r e p a r a t i o n s  o f  Merck 
or Kalbaum.
A number of r e p r e s e n t a t i v e  s t r a i n s  o f  a t y p i c a l  o rg a n i s m s  
were s e n t  t o  me i n  S o u th  A f r i c a  from Egypt  i n  1918 and  on 
r e t e s t i n g  w i t h  p r e - w a r  Merck p r e p a r a t i o n s  gave t h e  same 
r e a c t i o n s  a s  t h o s e  r e c o r d e d  in  E gy p t .
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ANIMAL EXPERIMENTS. '
R e p r e s e n t a t i v e  s t r a i n s  * o f  t h e s e  v a r i o u s  t y p e s  were 
proved t o  he m ark e d ly  v i r u l e n t  by i n t r a v e n o u s  and 
i n t r a p e r i t o n e a l  i n j e c t i o n  o f  r a b b i t s ,  p r o d u c in g  a  
c h a r a c t e r i s t i c  h a em or^ag lc  e n t e r i t i s .  The o rg a n i s m s  were 
t e s t e d  s h o r t l y  a f t e r  i s o l a t i o n .  The e f f e c t s  c o r r e s p o n d e d  t o  
th o se  p ro d u c e d  by t y p i c a l  S h ig a  and F le x n e r -Y  s t r a i n s .
At f i r s t  e m u ls io n s  o f  l i v i n g  o rgan ism s  were i n j e c t e d  
i n t r a p e r i t o n e a l l y  b u t  i t  was o b se rv ed  t h a t  i n t r a v e n o u s  
i n j e c t i o n  p ro d u c e d  t h e  same e f f e c t  and d e m o n s t r a t e d  a  h i g h l y  
s e l e c t i v e  a c t i o n  o f  th e  organ ism  or i t s  t o x i n  on th e  
i n t e s t i n a l  mucosa.
The dose i n j e c t e d  was u s u a l l y  -gth -  -Jth o f  a  24 h o u r s  
agar  s l o p e  c u l t u r e  e m u l s i f i e d  i n  s a l i n e  and th e  a n im a l s  
u s u a l l y  d i e d  w i t h i n  24 t o  48 h o u r s .  Some s t r a i n s  o f  a t y p i c a l
v a r i e t i e s ,  how ever ,  e x h i b i t e d  a  much h i g h e r  d e g re e  o f
g, 1
v i r u l e n c e  and t h e  i n t r a v e n o u s  i n j e c t i o n  o f  —  t h  o f  a  24 h o u r s  
agar  s l o p e  c u l t u r e  p roduced  th e  c h a r a c t e r i s t i c  e f f e c t .
C o m p ara t iv e  t e s t s  w i th  a  r e c e n t l y  i s o l a t e d  S h ig a ,  and 
a ^type No. 2 s t r a i n  showed t h e  l a t t e r  was d i s t i n c t l y  more 
v i r u l e n t  i . e .  s m a l l e r  d o se s  were l e t h a l  t h a n  i n  t h e  c a s e  o f  
the  p a r t i c u l a r  b h ig a  s t r a i n .  ' -
• In  t h e  c a s e  o f  t h e  commoner t y p e s  a t  l e a s t  3 s t r a i n s  were
t e s t e d ;  o n ly  one s t r a i n  o f  c e r t a i n  t y p e s  was met w i t h  
(3, 12, 17, 20) and t h i s  o f  c o u r s e  was t h e  o n ly  s t r a i n  t e s t e d .
30 .
Dn a u t o p s y  t h e  mucosa, o f  t h e  sm a l l  i n t e s t i n e  was fou n d  
to be i n t e n s e l y  i n f l a m e d  and u s u a l l y  showed m ass iv e  
haem orrhages  i n  t h e  t i s s u e s ;  th e  lumen o f  t h e  s m a l l  i n t e s t i n e  
was d i s t e n d e d  w i t h  b lo o d  s t a i n e d  m u c o -p u ru le n t  m a t e r i a l  
c o n t a i n i n g  d e g e n e r a t e  polymorph l e u c o c y t e s ,  macrophage c e l l s  
and m asses  o f  e x f o l i a t e d  e p i t h e l i u m .  The h a e m o r r h a g ic  
l e s i o n s  d i f f e r e n t  from the  p u n c t i f o r m  h a em o rrh ag e s  som etim es 
seen i n  t h e  i n t e s t i n a l  w a l l  i n  c e r t a i n  e x p e r i m e n t a l  
s e p t i c a e m i a s .  The l a r g e  i n t e s t i n e  was g e n e r a l l y  l e s s  
a f f e c t e d  and i n  some c a s e s  t h e  changes  were c o n f i n e d  t o  t h e  
small  i n t e s t i n e .  I n  c e r t a i n  of  t h e  e x p e r i m e n t s ,  however ,  t h e  
stomach, t h e  s m a l l  and  l a r g e  i n t e s t i n e  were u n i f o r m l y  a f f e c t e d ,  
and e x h i b i t e d  t h e  c h a r a c t e r i s t i c  h a em o r rh ag ic  i n f l a m m a t i o n .
The o r g a n i s m . i n j e c t e d  i n t r a v e n o u s l y . c o u l d  a l s o  be 
d e m o n s t ra te d ,  o f t e n  i n  a lm o s t  pu re  c u l t u r e ,  i n  t h e  c o n t e n t s  of  
the  i n t e s t i n e .  T h is  h a s  a l s o  b e en  shown by B e s r e d k a ,
Gf c o u r s e  t h e  d eg re e  o f  e f f e c t  p rod u ced  by  d i f f e r e n t  
s t r a i n s  v a r i e d  c o n s i d e r a b l y  b u t  n o t  a c c o r d i n g  t o  t h e i r  
c u l t u r a l  t y p e .  The same v a r i a t i o n  was n o te d  i n  t h e  c a se  of  
the t y p i c a l  o rg an ism s  t e s t e d  and a s  might  have  b e e n  e x p e c t e d  
depended on t h e  v i r u l e n c e  of  the  i n d i v i d u a l  s t r a i n s .  I n  
comparing t h e  e f f e c t s  o f  an im a l  i n o c u l a t i o n  by  t y p i c a l  and  
a t y p i c a l  s t r a i n s  no e s s e n t i a l  d i f f e r e n c e s  c o u ld  be e s t a b l i s h e d ,  
and as  a l r e a d y  shown a  p a r t i c u l a r  a t y p i c a l  s t r a i n  m igh t  be  
even more v i r u l e n t  t h a n  a  t y p i c a l  o rgan ism  (v .  s u p r a ) .
3 1 .
None o f  t h e  v a r i o u s  t y p e s  r e c o r d e d  were n o n - v i r u l e n t  
on t e s t i n g  s h o r t l y  a f t e r  i s o l a t i o n ,  b u t  i t  was n o ted  t h a t  
c e r t a i n  s t r a i n s  which had  b e en  c u l t i v a t e d  a r t i f i c i a l l y  f o r  
2 to  3 months were n o n - v i r u l e n t  even  i n  l a r g e  d o s e s .
The a n im a l  e x p e r im e n t s  d e m o n s t r a t e d  a  h i g h l y  s e l e c t i v e  
e f f e c t  on t h e  i n t e s t i n a l  mucosa and th e  c a p a c i t y  f o r  
p roducing  h a e m o r r h a g ic  e n t e r i t i s  may be r e g a r d e d  a s  a n  
a t t r i b u t e  c h a r a c t e r i s t i c  o f  th e  d y s e n t e r y  g r o u p .  A number of  
other  t y p e s  o f  i n t e s t i n a l  b a c t e r i a  found  i n  d y s e n t e r y  c a s e s  -  
c o l i f o r m  b a c i l l i ,  B . Morgan No. 1 and s i m i l a r  t y p e s ,
B, f a e c a l i s  a l k a l i g e n e s .  B, p a r a c o l o n  t y p e s ,  e t c ,  were t e s t e d  
(v. p .  3Cj ) b u t  f a i l e d  t o  p roduce  s i m i l a r  e f f e c t s .  The 
V, c h o l e r a e  and t h e  p a r a c h o l e r a  v i l r i o s  a l s o  e x h i b i t  a  
s e l e c t i v e  t o x i c  a c t i o n  on th e  i n t e s t i n a l  mucosa,  b u t  i n  t h i s  
case haem o rrhag e  i s  a b s e n t  or o n ly  p u n c t i f o r m  h a e m o r rh a g e s  
are  n o ted  (v .  P a r t  3 p , / 3  ) ,
From t h e i r  o c c u r r e n c e ,  o f t e n  i n  l a r g e  numbers ,  i n  
e a r l y  c a s e s  o f  a c u t e  d y s e n t e r y  ( i n  t h e  a b sen c e  of  c l a s s i c a l  
types)  and t h e i r  c h a r a c t e r i s t i c  e f f e c t s  i n  a n im a l  e x p e r im e n t  
(which were s i m i l a r  t o  t h o s e  p roduced  by t y p i c a l  S h i g a  and 
P lexner-Y  s t r a i n s )  t o g e t h e r  w i th  t h e i r  c l o s e  b i o l o g i c a l  
s i m i l a r i t y  t o  o rg an ism s  .of t h e  group of  t y p i c a l  d y s e n t e r y  
b a c i l l i ,  i t  was c o n c lu d e d  t h a t  t h e s e  a t y p i c a l  o rg an ism s  were 
to  be r e g a r d e d  a s  t r u e  d y s e n t e r y  b a c i l l i .
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A d d i t i o n a l  Note:  I t  was th o u g h t  t h a t  f u r t h e r  c o n f i r m a t i o n
of the  p a t h o g e n i c  r o l e  of  t h e s e  o rgan ism s  might  be  o b t a i n e d  
i f  th e  s e r a  o f  p a t i e n t s  were found t o  e x e r t  a  s p e c i f i c  
a g g l u t i n a t i o n  r e a c t i o n  t o  t h e  i n f e c t i n g  o rg a n is m .  At my 
r e q u e s t  C a p t .  S t o r e r ,  R.A.M.C,,  u n d e r to o k  t h i s  e n q u i r y :  i n  
only a  s m a l l  p r o p o r t i o n  of  c a s e s  o f  p ro v ed  S h i g a  and Y 
i n f e c t i o n s  c o u ld  a  d e f i n i t e l y  s p e c i f i c  r e a c t i o n  be o b t a i n e d ;  
i n  some c a s e s  t h e  r e a c t i o n  o c c u r r e d  i n  such  r e l a t i v e l y  low 
t i t r e s  a s  t o  i n t r o d u c e  t h e  f a l l a c y  of  a  normal  serum e f f e c t ,
(as shown o r i g i n a l l y  by  L e n t z ) . A few c a s e s  o f  a t y p i c a l  
B, d y s e n t e r i a e  i n f e c t i o n s  were examined b u t  i n  o n ly  2  was 
th e re  any e v id e n c e  o f  a  s p e c i f i c  r e a c t i o n  t o  t h e  a s s o c i a t e d  
organism. As a c o n s i d e r a b l e  number o f  c a s e s  due t o  S h i g a  and 
F l e x n e r - Y t y p e s  f a i l e d  t o  show a  d e f i n i t e l y  s p e c i f i c  
a g g l u t i n a t i o n  r e a c t i o n ,  t h e  n e g a t iv e  r e s u l t  i n  c a s e s  w i t h  
which a t y p i c a l  o rg an ism s  were a s s o c i a t e d  c o u ld  no t  be r e g a r d e d  
as of  any  s i g n i f i c a n c e  and as  t h i s  l i n e  o f  i n v e s t i g a t i o n  d i d  
not p rom ise  any f u r t h e r  e l u c i d a t i o n  o f  t h e  a e t i o l o g i c a l  
problem, i t  was no t  p u r s u e d  f u r t h e r #
32.
I n  1918 Andrewes s t u d i e d  a  number of  s t r a i n s  o f  
" a t y p i c a l  d y s e n t e r y  b a c i l l i  " s u b m i t t e d  to  him from o t h e r  
l a b o r a t o r i e s  a n d  c l a s s i f i e d  them i n t o  3 main t y p e s  d e s i g n a t e d
• B. ambiguus ” ( c o r r e s p o n d i n g  to  type  2 ) ,  " B. a l k a l e s c e n s  *
( c o r r e s p o n d i n g  i n  c u l t u r a l  r e a c t i o n s  to  type  2 4 ) ,  " B. d i s o a r  *
B
( c o r r e s p o n d i n g  to  l a c t o s e  f e r m e n t i n g  ty p e s  shown in  t a b l e  2 j .
, He c o n c lu d e d  from h i s  o b s e r v a t i o n s  t h a t  th e  f i r s t  two
v a r i e t i e s  had " no c o n n e c t i o n  w i t h  d y s e n t e r y  *’ b u t  c om m it ted
h im se l f  to no d e f i n i t e  c o n c l u s i o n  w i t h  r e g a r d  t o  the  ** B.
d i sp a r  " t y p e .  He f o u n d  t h a t  the ” B. ambiguus " and
*
• a l k a l e s c e n s  " t y p e s  were n o n - v i r u l e n t  to  r a b b i t s  b u t  the
• B. d i s p a r  " wus m arked ly  p a t h o g e n i c .  Such c o n c l u s i o n s  
a r r i v e d  a t  f rom th e  mere l a b o r a t o r y  s t u d y  o f  a  number o f  
s t r a i n s ,  w i t h o u t  r e f e r e n c e  to o t h e r  d a t a  i n  f a v o u r  of  t h e i r  
a e t i o l o g i c a l  r e l a t i o n s h i p  to  d y s e n t e r y  seem h a r d l y  j u s t i f i a b l e .  
Andrewes r e p o r t e d  t h a t  the  " B. ambiguus " type  was p r a c t i c a l l y  
n o n - v i r u l e n t ;  y e t  t h i s  type  i n  my own e x p e r i m e n t s  p r o v e d  
highly  v i r u l e n t  on i n t r a v e n o u s  i n j e c t i o n  o f  th e  r a b b i t ;  o f
course my own s t r a i n s  were t e s t e d  a s  r e g a r d s  t h e i r  v i r u l e n c e
/
im m edia te ly  a f t e r  i s o l a t i o n .  C o n c lu s io n s  drawm from n e g a t i v e  
animal t e s t s  w i t h  s t r a i n s  t h a t  have been  g rowing  on c u l t u r e  
medium f o r  some time can h a r d l y  be r e g a r d e d  a s  r e l i a b l e .
An o rg an ism  c o r r e s p o n d i n g  to type  2 and  Andrewes*
B. ambiguus was d e s c r i b e d  by Schmitz  i n  a  l o c a l i z e d  e p id e m ic  
among Rumanian p r i s o n e r s  of war. Schmitz  found  t h i s  o rgan ism  
v i r u l e n t  t o  r a b b i t s .
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T w o  o u t b r e a k s  o f  m i l d  d y s e n t e r y  w i t h  w h i c h  t h i s  t y p e  
o f  o r g a n i s m  w a s  a s s o c i a t e d  h a v e  a l s o  b e e n  r e c o r d e d  b y  
B r o u g h t o n - A 1 c o c k .
The War O f f i c e  Committee on D y s e n te ry  r e p o r t e d  t h a t  
t h i s  o rg an ism  c o u ld  no t  be e x c lu d e d  a s  a  cau se  o f  t h e  d i s e a s e  
though t h e y  c o n c lu d e d  i t  was o f  l i t t l e  e p i d e m i o l o g i c a l  
im por tance  i n  co m p a r iso n  w i t h  b a c i l l i  o f  t h e  S h i g a  and 
F le x n e r  t y p e .
As r e g a r d s  t h e  l a c t o s e - f e r m e n t i n g  t y p e s  t h e  Committee  
was not  p r e p a r e d  t o  d i s m i s s  t h e s e  o rgan ism s  a s  a e t i o l o g i c a l  
f a c t o r s  b u t  r e g a r d e d  them a l s o  a s  of  l e s s  e p i d e m i o l o g i c a l  
im p o r tan ce  t h a n  t h e  t y p i c a l  d y s e n t e r y  b a c i l l i .
A t y p i c a l  v a r i e t i e s  c o r r e s p o n d i n g  t o  c e r t a i n  o f  t h o s e  
c l a s s i f i e d  i n  th e  t a b l e  were a l s o  i s o l a t e d  from a c u t e  c a s e s  
of non-am oebic  d y s e n t e r y  i n  Egypt  by J .  G. Thomson and H i r s t .  
They fou n d  t h a t  o f  100 s t r a i n s  o f  th e  d y s e n t e r y  g ro u p ,  29 
were t y p i c a l  S h i g a  o rgan ism s ,  32 were F l e x n e r - Y  t y p e s  and 39 
a t y p i c a l  v a r i e t i e s .  ^
I n  my "own i n v e s t i g a t i o n s  a t y p i c a l  o rg an ism s  were 
i s o l a t e d  f rom  s t o o l s  w i t h i n  a  few m in u te s  from t h e  t im e  t h e y  
were p a s s e d  and  were th e  p redom inan t  o rgan ism s p r e s e n t .  Thus,  
t h e r e  was no s u p p o r t  f o r  t h e  s u g g e s t i o n  t h a t  t h e y  were 
” p r o d u c t s  o f  d e c o m p o s i t i o n  of  f a e c e s  k e p t  f o r  some t im e  " 
(B ahr) .  Moreover  specim ens o f  f a e c e s  c o n t a i n i n g  t y p i c a l
d y s e n t e r i a e  were k e p t  a t  room t e m p e r a t u r e  (Egypt  i n  w i n t e r )
34.
fo r  24 ho u rs  a n d  i t  was found  t h a t  the  d y s e n t e r y  ' b a c i l l i  
g e n e r a l l y  d i e d  out  a f t e r  6 to  8 h o u rs ,  b u t  no o rg an ism s  
capable  of g row ing  on MacConkey's medium a p p e a r e d  a f t e r  24 
hours w h ic h  were  n o t  o r i g i n a l l y  p r e s e n t  i n  th e  sp ec im en ;
B. c o l i  a n d  the  v a r i o u s  " co ncom itan t  " o rg an ism s  i f  p r e s e n t  
p e r s i s t e d  a f t e r  th e  i y s e n t e r y  b a c i l l i  had d i s a p p e a r e d .
In  o n ly  2 o f  the  c a s e s  i n v e s t i g a t e d  were mixed i n f e c t i o n s  
w i th  t y p i c a l  an d  a t y p i c a l  o rgan ism s  n o t e d ;  t h e s e  were too  
r e l a t i v e l y  uncommon to  i n d i c a t e  t h i t  the  a t y p i c a l  b a c i l l i  
were on ly  c o n c o m i t a n t s .  A case of  mixed i n f e c t i o n  w i t h  
t y p i c a l  S h ig a  a n d  F le x n e r - Y  ty p e s  was n o t e d ;  t h i s  has  a l s o  
been r e c o r d e d  by  B ahr .
CLINICAL AND EPIDEMIOLOGICAL SIGNIFICANCE OF ATYPICAL
DYSENTERY BACILLI.
D y s e n te r y  has u s u a l l y  been  d e f i n e d  a s  a  c o n d i t i o n  of 
d i a r r h o e a  c h a r a c t e r i z e d  by the p r e s e n c e  of  b l o o d  and  mucus i n  
the s t o o l s .  L e a v in g  ou t  of  c o n s i d e r a t i o n  amoebic  d y s e n t e r y ,  
the a c c e p t e d  t y p i c a l  d y s e n t e r y  b a c i l l i  were n o t  i n f r e q u e n t l y  
met w i t h  i n  c a s e s  which  were r e g a r d e d  c l i n i c a l l y  a s  ” s im p le  " 
d i a r r h o e a  w i t h o u t  o bv ious  b lo o d  o r  mucus i n  the  d i s c h a r g e s ;  
these  c a s e s  were a e t i o l o g i c a l l y  of  the  same n a t u r e  a s  t h e  
more t y p i c a l  c a s e s  and  had to  be r e g a r d e d  a s  exam ples  o f  
" b a c i l l a r y  d y s e n te r y  ” ; the  s t o o l s  u s u a l l y  showed the  
same type  of  c e l l u l a r  ex u d a te  a s  in  th e  more a c u t e  c a s e s .
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Thus, " b a c i l l a r y  d y s e n t e r y  " com p r i se s  no t  o n ly  t h e  t y p i c a l  
acu te  c a s e s  bu t  a l s o  t h e  l e s s  s e v e r e  c o n d i t i o n s  -  c l i n i c a l l y  
d i a r r h o e a  w i t h o u t  t h e  u s u a l  d y s e n t e r i c  s i g n s .  T h is  was 
r e c o g n i s e d  by th e  War O f f i c e  Committee on d y s e n t e r y .  R y le  
has a l s o  drawn a t t e n t i o n  t o  t h e s e  c a s e s  o f  m i ld  b a c i l l a r y  
d y s e n t e r y .  Thus,  i n  a s s e s s i n g  t h e  p a r t  p l a y e d  by an  o rgan ism  
in  th e  c a u s a t i o n  o f  d y s e n t e r y  i t  seemed n e c e s s a r y  t o  c o n s i d e r  
the p o s s i b l e  c l i n i c a l  c o n d i t i o n s - w i t h  which such  o rg an ism s  
might be a s s o c i a t e d .
As r e g a r d s  t h e  type  o f  i n f e c t i o n  due t o  a t y p i c a l  
v a r i e t i e s ,  t h e  g r e a t e r  p r o p o r t i o n  of  th e  c a s e s  c o n s i d e r e d  
c o l l e c t i v e l y  were o f  t h e  m i ld e r  ty pe  ( d i a r r h o e a  w i t h  or  w i t h o u t  
mucus i n  t h e  s t o o l  b u t  l i t t l e  or no b l o o d ) ,  an d  t h e  p r o p o r t i o n  
of c a s e s  w i t h  t h e  t y p i c a l  a c u t e  s i g n s  i . e .  p a s s i n g  t h e  
c h a r a c t e r i s t i c  b lo o d  and mucus s t o o l s  was l o w e r .  N e v e r t h e l e s s  
severe  c a s e s  o f  d y s e n t e r y  were not  i n f r e q u e n t l y  tnet w i t h  
a p p a r e n t l y  due t o  t h e s e  v a r i e t i e s  and f a t a l  c a s e s  were no ted  
in  which a t y p i c a l  d y s e n t e r y  b a c i l l i  were i s o l a t e d  f rom  t h e  
d y s e n t e r i c  l e s i o n s  p o s t  mortem.
The S h i g a  i n f e c t i o n s  were m o s t ly  o f  t h e  s e v e r e  t y p e  and 
the  a t y p i c a l  B, d y s e n t e r i a e  i n f e c t i o n s  o f  t h e  m i l d e r  t y p e ,  
while t h e  F l e x n e r - Y  i n f e c t i o n s  o c cu p ied  a n  i n t e r m e d i a t e  p o s i t i o n  
in  t h i s  r e s p e c t .  These f a c t s  were d e te rm in e d  by a  c a r e f u l  
review o f  th e  r e c o r d s  o f  a  l a r g e  s e r i e s  o f  u n s e l e c t e d  c a s e s  from 
which t h e s e  o rg an ism s  had b e en  i s o l a t e d .
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D ur ing  t h e  f i r s t  few days o f  t h e  i l l n e s s ,  t h e  d y s e n t e r y  
b a c i l l i  were u s u a l l y  p r e s e n t  i n  c o n s i d e r a b l e  numbers and 
o f ten  i n  a lm o s t  p u re  c u l t u r e ;  a f t e r  t h i s  t h e y  t e n d e d  t o  
d i s a p p e a r  f rom t h e  d i s c h a r g e s  and t o  be r e p l a c e d  by 
" c o n c o m i ta n t  " o rgan ism s  ( t a b l e  3 . ) .  Thus a t  a  l a t e r  s t a g e  
of a  d y s e n t e r i c  i l l n e s s  p l a t e  c u l t u r e s  o f t e n  showed l a r g e  
numbers o f  c o l o n i e s  o f  t h e s e  c o n c o m i t a n t s  and t h e  d y s e n t e r y  
b a c i l l i  were a b s e n t .  This  e x p l a i n e d  t o  some e x t e n t  how i n  
a l a r g e  p r o p o r t i o n  o f  c a s e s  on ly  such o rgan ism s  a s  B. Morgan 
No. 1, B, f a e c a l i s  a l k a l i g e n e s ,  B. p a r a c o l o n ,  e t c .  were fo u n d ,  
in  the  a b s e n c e  o f  o rgan ism s  o f  th e  d y s e n t e r y  g ro u p .
The f o l l o w i n g  r e c o r d  o f  a  c a se  e x a m i n e d 'd a i l y  e x e m p l i f i e s  
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A l m o s t  p u r e  g r o w t h  o f  B .  d y s .  S h i g a ;  
a n d  a  f e w  c o l o n i e s  o f  B .  c o l i .
■ Do.
B. d y s .  c o l o n i e s  not  so numerous;  a  few 
c o l o n i e s  o f  B. Morgan No. 1 and 
B. c o l i .
No B. d y s . ;  l a r g e  numbers o f  c o l o n i e s  
o f  B. Morgan No. 1; a  few B. c o l i  
c o l o n i e s .
Do.
Do.
No B. d y s . ;  B. Morgan,No. 1 c o l o n i e s  . 
l e s s  numerous:
B. c o l i  c o l o n i e s  more numerous.
B. c o l i  c o l o n i e s  o n ly .
Case no t  t r e a t e d  by a n t i d y s e n t e r y  serum.
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Thus, a s  t h e  c a s e  t e n d e d  t o  r e c o v e r y  t h e s e  c o n c o m i t a n t
organisms a l s o  d i m i n i s h e d  i n  numbers and  u l t i m a t e l y  gave
p lace  t o  t h e  normal  o rgan ism s  o f  t h e  bow el .  I t  may be  s a i d
t h a t  i n  g e n e r a l  i f  c a s e s  a r e  examined w i t h i n  t h e  f i r s t  two or
t h r e e  d a y s ,  t h e  i n f e c t i n g  o rganism  c an  be i s o l a t e d  w i t h o u t
d i f f i c u l t y ,  b u t  a t  a  l a t e r  s t a g e  o n ly  t h e  c o n c o m i ta n t  may be
found.  I n  a, number o f  a u t o p s i e s  a l s o  i n  which c u l t u r e s  were
made d i r e c t l y  f rom th e  i n t e s t i n a l  l e s i o n s  no d y s e n t e r y  b a c i l l i
were i s o l a t e d  b u t  c u l t u r e s  o f  t h e s e  c o n c o m i t a n t s  were o b t a i n e d
The o r g a n i s m s  which may be g ro u p ed  t o g e t h e r  a s
" c o n c o m i t a n t s  " o f  B, d y s e n t e r i a e  a r e  i n d i c a t e d  i n  t a b l e  3,
and t h e i r  c u l t u r a l  r e a c t i o n s  a r e  shown.
I t  was no t  i n f r e q u e n t l y  n o t e d  i n  p r o t r a c t e d  c a s e s  t h a t
l a rg e  numbers o f  c o l o n i e s  o f  e n t e r o c o c c i  d e v e lo p e d  on t h e
p l a t e s ;  a  c a s e  h a s  however been  r e c o r d e d  i n  which  e n t e r o c o c c i
were p r e s e n t  i n  l a r g e  numbers a t  a n  e a r l i e r  s t a g e  o f  t h e  '
i l l n e s s ,  (v .  p .  F ) .
I t  was o f  c o u r s e  d i f f i c u l t  to  d e te r m in e  t h e  a c t u a l  p a r t
played by t h e s e  o rg a n is m s ,  b u t  i t  m igh t  a p p ea r  a s  i f  t h e
d y s e n te ry  b a c i l l i  n r o p e r  on ly  i n i t i a t e d  t h e  l e s i o n s  and t h a t
by
other  o rg an ism s  such  as  t h e s e  r e f e r r e d  t o  a c t e d / a g g r a v a t i n g  
or m a i n t a i n i n g  t h e  p a t h o l o g i c a l  c o n d i t i o n .
I t  i s  t o  be  n o ted  t h a t  many o f  t h e s e  t y p e s  a l s o  
appeared  i n  e n t e r i c a  c a s e s  ( t a b l e  4 .  ) .
TABLE 4. .
U nusua l  a e r o b i c  o rgan ism s  p r e s e n t  i n  f a e c e s  o f  e n t e r i c a  
c a se s  from w h ic h  e n t e r i c a  o rgan ism s a b s e n t .
S e r i e s  of  438 c a s e s  o f  e n t e r i c a .
( E n t e r i c a  o rg an ism s  i s o l a t e d  from -  ' -  -  -  5 2 . )
- E. t y p h o s u s ,  B. p a r a t y p h o s u s  A an d  B.
B. Morgan No. 1 p r e s e n t  - - -  -  -  -  5 .
B. " C .L .A ."  1 — — « —. «. — — 7
B. "C .L .A ."  2 -  - -  -  -  -  2
B. f a e c a l i s  a l k a l i g e n e s  -  -  -  - -  10
B. p a r a c o l o n  t y p e s  - -  -  -  -  -  10
Non-m ot i le  g r a m - n e g a t iv e  c o c c o - b a c i l l u s  
a t  f i r s t  n o t  f e r m e n t i n g  any s u g a r s  
but  l a t e r  p r o d u c i n g  a c i d  (no g as )
f rom g l uc os e  -  - -  - -  - -  - 1
B. pyoc ya ne us  - - - - - -  - 5
M oti le  g r a m - n e g a t iv e  n o n - l i q u e f y i n g  
b a c i l l u s  f e r m e n t i n g  g lu c o s e  and  s a c c h a r o s e  
w i th o u t  g a s ,  n o t  f e r m e n t i n g  l a c t o s e ,
d u l c i t e ,  m a n n i t e ,  n o t •p r o d u c in g  i n d o l  - 1
E n te r o c o c c i  ( p r e s e n t  i n  l a r g e  numbers) -  - -  26
I n  many o f  t h e s e  c a s e s  the  o rgan ism s  r e f e r r e d  to  were 
p r e s e n t  i n  l a r g e  numbers .
V i r u l e n c e  t e s t s  were c a r r i e d  out  w i th  r e p r e s e n t a t i v e  
s t r a i n s  o f  t h e s e  o rgan ism s ;  s t r a i n s  of  B. Morgan No. 1 and  
E.C.L.A. 1 and  2  were found t o  he v i r u l e n t  t o  r a b b i t s  on 
i n t r a p e r i t o n e a l  i n j e c t i o n ,  b u t  p roduced  no s p e c i f i c  e f f e c t s ;  
i n t r a v e n o u s  i n j e c t i o n  a .part  from a  t r a n s i t o r y  t o x a e m ia  wa^ 
w i tho u t  e f f e c t .
These  r e s u l t s  y i e l d e d  a  s i g n i f i c a n t  c o n t r a c t  w i t h  t h o s e  
f o l lo w in g  i n t r a v e n o u s  or i n t r a p e r i t o n e a l  i n j e c t i o n  o f  t h e  
t y p i c a l  and  a t y p i c a l  d y s e n t e r y  b a c i l l i .
S e v e r a l  s t r a i n s  o f  B. f a e c a l i s  a l k a l i g e n e s  were
s i m i l a r l y  b u t  p roved  n o n -p a th o g e n ic  b o t h  by
i n t r a p e r i t o n e a l  and  i n t r a v e n o u s  i n j e c t i o n ;  t h e  p a r a c o l o n  
s t r a i n s  were a l s o  n o n - v i r u l e n t .
Thus i t  was i m p o s s ib l e  by anima,l i n o c u l a t i o n  t e s t s  t o  
d e m o ns t ra te  any  s p e c i f i c  p a th o g e n ic  e f f e c t s  on t h e  p a r t  o f  
th ese  c o n c o m i t a n t  o rg a n is m s .
I t  seems a  l i k e l y  p o s s i b i l i t y  t h a t  t h e s e  b a c t e r i a  a r e  
in h a b i t a .n t s  o f  t h e  i n t e s t i n a l  t r a c t  which a r e  p r e s e n t  i n  
minimal numbers  under  normal c o n d i t i o n s ,  and t h e r e f o r e  a r e  
not u s u a l l y  d e t e c t a b l e  i n  o r d i n a r y  c u l t u r e s  from f a e c e s ;  und e r  
c e r t a i n  c o n d i t i o n s  ( e . g .  i n  e n t e r i c a  and p a r t i c u l a r l y  i n  
b a c i l l a r y  d y s e n t e r y )  t h e y  may be a b l e  t o  m u l t i p l y  i n  such  
l a rg e  numbers a s  t o  r e p r e s e n t  t h e  p red o m in an t  f a e c a l  o rg an ism s  
Moreover, i f  t h e s e  o rgan ism s  a re  p o t e n t i a l l y  p a t h o g e n i c ,  when
they  a r e  p r e s e n t  i n  l a r g e  numhers t h e y  may p l a y  a n  a d j u v a n t  
p a r t  i n  t h e  p a t h o g e n e s i s  o f  d y s e n t e r y .
RBLATiyS PREVALEITCE, OF THE PIFT^EITT TWECTIONS AT
DITOBRB17T PERIODS.
The c h a r t  shows th e  c u rv e s  of  r e l a t i v e  p r e v a l e n c e  of  t h e  
d i f f e r e n t  h a c i l l a r y  i n f e c t i o n s ,  B. d y s e n t e r i a e  S h ig a ,
F lex n er -Y ,  a t y p i c a l  " b a c i l l i  and a l s o  th o s e  due t o  Bntamoeha 
h i s t o l y t i c a  d u r i n g  t h e  s i x  months from A p r i l  t o  Sep tem ber ,  
( i n c l u s i v e )  o f  1916.  The d a t a  from which t h e  c u r v e s  were 
p l o t t e d  ou t  were  t h e  number o f  c a s e s  i n  which t h e  r e s p e c t i v e  
organism was fo u n d  s t a t e d  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  number 
of c a s e s  exam ined  d u r i n g  t h e  p a r t i c u l a r  month.  T h i s  a l l o w e d  
fo r  v a r i a t i o n  due t o  d i f f e r e n c e s  i n  t h e  t o t a l  number o f  c a s e s  
examined; t h u s  t h e  number examined and t h e r e f o r e  t h e  number 
of c a s e s  i n  w hich  p o s i t i v e  f i n d i n g s  were r e c o r d e d  v a r i e d  each  
month.
No r e l a t i o n s h i p  was no ted  be tw een  t h e  p r e v a l e n c e  o f  t h e  
d i f f e r e n t  b a c i l l a r y , i n f e c t i o n s .  I n  A p r i l  no i n f e c t i o n s  w i t h  
the  S h ig a  typ& were n o te d  and more a t y p i c a l  s t r a i n s  were 
i s o l a t e d  t h a n  t h o s e  o f  th e  T le x n e r -Y  t y p e .  I n  June  on th e  
o ther  hand,  t h e  p r o p o r t i o n  of  B lex ne r -Y  s t r a i n s  i s o l a t e d  was 
g r e a t e r ;  i n  Sep tem ber  t h e  i n f e c t i o n s  w i t h  t h e  S h ig a  ty p e  
exceeded t h o s e  w i t h  a t y p i c a l  b a c i l l i .
C h a r t  t o  s h o w  t h e  r e l a t i v e  p r e v a l e n c e  o f  t h e  d i f f e r e n t  
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On t h e  o t h e r  hand i t  was found t h a t  i n  c e r t a i n  c a s e s  a  few 
c o l o n i e s  o f  d y s e n t e r y  b a c i l l i  c o u ld  be d e t e c t e d  i n  p l a t s  
c u l t u r e s  made from the  e x c r e t a  a t  a  l a t e r  s t a g s  o f  th e  d i s e a s e .  
Thus, i n  15 ou t  o f  28 c a s e s  i n  which t h e  s t o o l s  were examined 
r e p e a t e d l y  d y s e n t e r y  b a c i l l i  were n o ted  i n  t h e  2nd week, and 
in  3 c a s e s  i n  the  3 rd  week. In  one c a s e ,  t h e  o rg a n i s m s  were 
s t i l l  d e t e c t a b l e  u n t i l  the  18 th  day, and s u b s e q u e n t l y  
r e a p p e a r e d  on th e  2 5 th  day .
Thus t h e  e x c r e t i o n  o f  t h e s e  o rgan ism s  may be  I n t e r m i t t e n t ;  
in  one c a s e  d y s e n t e r y  b a c i l l i  were p r e s e n t  on t h e  4 t h  and  5 th  
days, a b s e n t  on t h e  6 t h  a p r e s e n t  a g a i n  on t h e  8 t h  and 9 t h  
days; i n  a n o t h e r  c a se  d y s e n t e r y  b a c i l l i  were p r e s e n t  on t h e  
6 th  and 7 t h  d a y s ,  a b s e n t  on t h e  8 t h  a n d r p r e s e n t  a g a i n  on t h e  
9th day .
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The O ccu r re n ce  o f  H e a l th y  C a r r i e r s .
With a  v iew t o  d e t e r m i n i n g  th e  e x i s t e n c e  o f  h e a l t h y  
c a r r i e r s  b o t h  among t r o o p s  and n a t i v e s  i n  A l e x a n d r i a ,  t h e  
f a e c e s  o f  a  number o f  h e a l t h y  i n d i v i d u a l s  were  examined;  t h e  
r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  shown:
D ysen te ry  c o n v a l e s c e n t s  
i n  C o n v a le s c e n t  




C a r r i e r s .
a )
) F l e x n e r - Y  -  4
i . e .  8^)
) - S h i g a -  3
) A t y p i c a l  -  1
O r d e r l i e s  I n  a  G enera l  
H o s p i t a l
4 ) F l e x n e r - Y  -  2
60 )-
I . e . 6 . 6 ^ )  A t y p i c a l  -  2
P e r so n n e l  o f  Army S e r v i c e  
Corps Motor T r a n s p o r t  
Uni t 53
b o t h  
2 ) F l e x n e r - Y  
)-
I . e . 3 .7 ^ )  o rg an ism s
a
Native  p r i s o n e r s  I n  
S g y p t l a n  P r i s o n ,  
A l e x a n d r i a  - -  100 i  . e .
1 ) F l e x n e r - Y  
)-
1^) t y p e .
The c o n v a l e s c e n t  c a s e s  were r e c e n t l y  r e c o v e r e d  p a t i e n t s  
but  a t  t h e  t im e  o f  e x a m in a t io n  were I n  good h e a l t h .  I n  8^ 
d y s e n t e r y  b a c i l l i  were d e t e c t e d .  The o rg an ism s  were n o t  
p r e s e n t  i n  l a r g e  numbers i n  t h e  e x c r e t a .  I t  i s  p o s s i b l e  t h a t  
t h i s  p r o p o r t i o n  o f  c a r r i e r s  among r e c e n t  c o n v a l e s c e n t s  was a  
low e s t i m a t e  a s  o n ly  one e x a m in a t io n  was ma.de, i f  t h e
e x c r e t i o n  of  cnese o rgan ism s i s  i n t e r m i t t e n t  a s  seems l i k e l y ,  
the p r o p o r t i o n  o f  c o n v a l e s c e n t s  t h a t  r e m a in  c a r r i e r s  f o r  some 
time a f t e r  r e c o v e r y  may be much h i m h e r .
I n  a  s e r i e s  o f  60 o r d e r l i e s  a t  th e  2 1 s t  G e n e ra l  H o s p i t a l ,
A le x a n d r i a ,  whose f a e c e s  wwre examined, 4 p ro v ed  t o  be c a r r i e r ?  
[6*6%)  and 2 c a r r i e r s  were a l s o  d e t e c t e d  among 53 o f f i c e r s
and men o f  a n  Army S e r v i c e  Corps u n i t  encamped i n  A l e x a n d r i a ,
Among 100 E g y p t i a n  n a t i v e s  a,t t h e  E g y p t i a n  Government 
P r i s o n ,  A l e x a n d r i a ,  1 c a r r i e r  was d e t e c t e d .
I t  was found  t h a t  d y s e n t e r y  b a c i l l i  m ight  be  p r e s e n t  i n  
the e x c r e t a  o f  men who p r e s e n t e d  no h i s t o r y  o f  d y s e n t e r y  or 
d i a r r h o e a .  F o r  example, a  man i n  t h e  S t e w a r d ' s  S t o r e  o f  the  
21st  G e n e ra l  H o s p i t a l ,  who a p p a r e n t l y  had  never  s u f f e r e d  from 
d i a r r h o e a  or d y s e n t e r y  w h i l e  i n  th e  M e d i t e r r a n e a n  F o r c e ,  was 
found t o  be  a  c a r r i e r ,  and  th e  d y s e n t e r y  b a c i l l u s  ( F l e x n e r - Y  
type) was i s o l a t e d  on two s e p a r a t e  o c c a s i o n s  a,t a n  i n t e r v a l  
of 21 d a y s .
Most o f  t h e  c a r r i e r s  however,  had  s u f f e r e d - a t  a  p r e v i o u s  
date  from e i t h e r  d y s e n t e r y  or d i a r r h o e a .  I n  one c a s e  t h e  
d y s e n t e r i c  a t t a c k  had o c c u r r e d  18 months p r e v i o u s l y  and t h e r e  
had b e en  co m p le te  f reedom  from i n t e s t i n a l  d i s t u r b a n c e  f o r  9. 
months b e f o r e  t h e  d a te  of e x a m in a t io n .
I t  was t h e r e f o r e  a p p a r e n t  t h a t  d y s e n t e r y  b a c i l l i  may be 
p r e s e n t  no t  o n ly  i n  t h e  e x c r e t a  o f  p e r s o n s  s u f f e r i n g  from
d y se n te ry  and  d i a r r h o e a  b u t  a l s o  i n  th e  s t o o l s  of th o se  who 
have s u f f e r e d  from th ese  c o n d i t i o n s  a t  some p r e v i o u s  d a te  
and a l s o  th o s e  who have n o t  had any i n t e s t i n a l  i l l n e s s .
In  a  c o u n t r y  l i k e  Egypt  where b a c i l l a r y  d y s e n t e r y  i s  
endemic an d  e s p e c i a l l y  i n  the  absence  o f  a d e q u a te  s a n i t a t i o n ,  
a c e r t a i n  p r o p o r t i o n  of the  p o p u l a t i o n  must r e p r e s e n t  f o c i  
from w hich  t h i s  i n f e c t i o n  i s  sp re a d .
L e n g t h  o f  t ime d u r in g  which  e x c r e t a  a r e  i n f e c t i v e .
T h i s  p r o b a b l y  v a r i e s  under  d i f f e r e n t  c o n d i t i o n s  and  
while a s  a  g e n e r a l  r u l e  the  d y s e n t e r y  b a c i l l i  t e n d  to 
d i s a p p e a r  r a p i d l y  ( i n  6 to  8 honors) a s  ju d g e d  by  c u l t u r e s  
made a t  i n t e r v a l s  f rom s t o o l s  k e p t  a t  room t e m p e r a t u r e ,  i n  
c e r t a i n  c a s e s  b o t h  the  Sh iga  and  F le x n e r - Y  t y p e s  have been  
found to  s u r v i v e  a s  lo n g  a s  24 houirs. Thus the  s t o o l  i s  
i n f e c t i v e  f o r  a p e r i o d  s u f f i c i e n t l y  lon g  to  a l l o w  o f  the  
d i s s e m in a t io n  of the  o rgan ism s  by some v e h i c l e  o f  i n f e c t i o n .
The p o s s i b i l i t y  o f  i n f e c t i o n  bv w ater ,  sand ,  f o o d  and  f l i e s .
The w a t e r  s u p p l y  of A l e x a n d r i a . was o b t a i n e d  from th e  
Mahmoudi e h  C an a l  (which  was known to  be h e a v i l y  p o l l u t e d )  .
The w a te r  was f i l t e r e d  th r o u g h  sand  by  a  " r a p i d  f i l t r a t i o n  " 
p ro ce ss  b e f o r e  d i s t r i b u t i o n  to  the  c i t y ,  b u t  even the  
f i l t e r e d  w a t e r  c o n t a i n e d  " t y p i c a l  ” B. c o l i  o f t e n  in  a s  s m a l l  
q u a n t i t i e s  a s  0 . 1  c . c .  and i n v a r i a b l y  i n  q u a n t i t i e s  o f  5 c . c .
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No d y s e n t e r y  b a c i l l i  were ever  found i n  th e  f i l t e r e d  w a t e r  and 
th e re  wa-s no e p i d e m i o l o g i c a l  ev idence  o f  d y s e n t e r y  b e i n g  a  
” w a t e r - b o r n e  ” d i s e a s e .  On the  o t h e r  hand,  i t  m ight  be s a i d  
t h a t  t h e  C i t y  s u p p ly  was p o t e n t i a l l y  i n f e c t i v e  i n  v iew o f  th e  
f a c t  t h a t  t h e  i n t a k e  w a te r  was h e a v i l y  p o l l u t e d  and th e  
f i l t r a t i o n  was i m p e r f e c t  as  de te rm in ed  by t h e .  f r e q u e n t  h i g h  
B. c o l i  c o n t e n t .  C e r t a i n  ex p er im e n ts  were c a r r i e d  ou t  t o  
a s c e r t a i n  w h e th e r  B. d y s e n t e r i a e  s u r v iv e d  f o r  any l e n g t h  of 
time i n  a  p o l l u t e d  w a te r  to  which t h e y  had b e e n  added;  i t  wa,s 
found t h a t  t h e y  d id  no t  p e r s i s t  fo r  more th a n  48 h o u r s  i n  t h e  
u n f i l t e r e d  Mahmoudieh Canal w a te r  k e p t  i n  f l a s k s  i n  t h e
l a b o r a t o r y  and exposed  to  l i g h t  d u r in g  th e  day.  The c a n a l
water  c o n t a i n e d  l a r g e  numbers o f  c o l i f o r m  b a c i l l i .
Around t h e  n a t i v e  d w e l l i n g s  o f  A l e x a n d r i a  (and a l s o  i n  
o th e r  E g y p t i a n  towns a>nd v i l l a g e s )  t h e  ground i s  l i a b l e  to  
f r e q u e n t  f a e c a l  c o n ta m in a t io n  (D. Thomson and Mackie)  from 
human s o u r c e s ;  d u r in g  d u s t  s to rm s ,  d u s t  and sand r e a d i l y  g a i n s  
a c c e s s  t o  fo od ,  m i lk ,  w a te r ,  e t c . ,  ( u n l e s s  c a r e f u l l y  
p r o t e c t e d )  and th e  q u e s t i o n  was r a i s e d  a s  t o  w he th e r  i n  Egypt
d y s e n t e r i c  i n f e c t i o n  might  be conveyed i n  t h i s  way. 34
spec im ens  o f  sand  from v a r i o u s  s o u r c e s  were examined i n c l u d i n g  
spec im ens  from p o l l u t e d  ground i n  c e r t a i n  n a t i v e  q u a r t e r s ,  
b u t  no d y s e n t e r y  b a c i l l i  were e v e r  d e t e c t e d .
Specimens o f  d r i e d  s t e r i l i z e d  sand  p l a c e d  i n  P e t r i  
d i s h e s  were a r t i f i c i a l l y  c o n ta m in a te d  w i t h  B. d y s e n t e r i a e
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Shiga and F l e x n e r - Y  ty p e s ,  and th e n  p l a c e d  where t h e y  were 
d i r e c t l y  exposed  t o  t h e  sun .  B. d y s e n t e r i a e  S h ig a  d i e d  out  
a f t e r  s i x  h o u r s  and t h e  F lexn er -Y  organism s u r v i v e d  f o r  24 
hours  h u t  was not  r e c o v e r a b l e  a f t e r  48 h o u r s .
M ilk  was t h e  only  specimen o f  food which was 
s y s t e m a t i c a l l y  examined;  l a r g e  numbers o f  spec im ens  o f  m i lk  
s u p p l i e d  t o  t h e  M i l i t a r y  H o s p i t a l s  were examined b a c t e r i o -  
l o g i c a l l y  i n  t h e  c o u rs e  o f  the  l a b o r a t o r y  r o u t i n e ,  b u t  
though t h e s e  sp ec im en s  a lm ost  i n v a r i a b l y  were h e a v i l y  
c o n ta m in a te d  w i t h  c o l i f o r m  b a c i l l i ,  no d y s e n t e r y  b a c i l l i  were 
ever  d e t e c t e d .
I t  seemed l i k e l y  t h a t  th e  h o u s e - f l y  m ight  c a r r y  
d y s e n t e r y  b a c i l l i  from e x c r e t a  to  food (where i n s a n i t a r y  
c o n d i t i o n s  p r e v a i l e d  and a c t  as  a  v e h i c l e  o f  i n f e c t i o n .
F l i e s  were e x p e r i m e n t a l l y  a l lo w e d  t o  c o n ta m in a te  
t h e m s e lv e s  from d y s e n t e r i c  s t o o l s  and were t h e n  t r a n s f e r r e d  
to  P e t r i  d i s h e s  c o n t a i n i n g  MacConkey's a g a r  i n  which t h e y  
were k e p t  f o r  1 to  2 h o u r s .  In  t h i s  way t h e  medium was 
i n o c u l a t e d  by t h e  f l y  in  th e  same way a s  i t  would i n f e c t  
food m a t e r i a l .  T h is  method had been  u t i l i z e d  i n  a  p r e v i o u s  
i n v e s t i g a t i o n  on th e  d u r a t i o n  o f  i n f e c t i v i t y  o f  f l i e s  a f t e r  
f e e d i n g  on su g a r  c o n t a i n i n g  ty p h o id  and p a r a t y p h o i d  b a c i l l i ;  
the  o rg an ism s  d e p o s i t e d  by th e  f l y  c o u ld  be d e t e r m i n e d  by 
the  e x a m in a t io n  o f  c o l o n i e s  d e v e lo p in g  a f t e r  i n c u b a t i o n  o f
48 .
the  p l a t e .  I t  was fo un d  i n  t h i s  way t h a t  f l i e s  i n f e c t e d  w i t h  
e n t e r i c a  o rgan ism s  rem a in e d  i n f e c t i v e  f o r  4 t o  7 d ay s .  F l i e s  
i n f e c t e d  i n  the  same way w i t h  d y s e n t e r y  b a c i l l i  r e m a in e d  
i n f e c t i v e  f o r  n o t  more t h a n  24 h o u r s .  A s m a l l  p r o p o r t i o n  of  
the  f l i e s  f e d  on d y s e n t e r i c  s t o o l s  were fo u n d  to  be i n f e c t i v e  
and d y s e n t e r y  b a c i l l i  were i s o l a t e d  from t h e  medium w i t h  w h ich  
t h e y  had been  s u b s e q u e n t l y  i n  c o n t a c t .
56 w i l d  ** f l i e s  cau g h t  in  th e  N a t iv e  Q u a r t e r s  were 
examined i n  the  same way b u t  no d y s e n t e r y  b a c i l l i  were 
i s o l a t e d  from  them. These f l i e s  u s u a l l y  p r o d u c e d  a b u n d a n t  
c o n t a m i n a t i o n  of  the  p l a t e s  w i t h  w h ic h  t h e y  had b e e n  i n  
c o n t a c t ;  the  o rg a n is m s  grown were g e n e r a l l y  c o l i f o r m  b a c i l l i  
b u t  n o t  i n f r e q u e n t l y  c o l o n i e s  o f  B. Morgan No. 1 and  a l l i e d  
typeS)  .B. f a e c a l i s  a l k a l i g e n e s  and  B. p r o t e u s  were  n o t e d  
i . e .  o rg an ism s  fo u n d  a s s o c i a t e d  w i t h  d y s e n t e r y  and  d i a r r h o e a
«
( V. s u p r a ) .
W hile  i t  i s  p o s s i b l e  t h a t  f l i e s  convey  d y s e n t e r y  
b a c i l l i ;  no d i r e c t  e v id e n c e  was o b t a i n e d  t o  show t h a t  t h i s  
was a  f r e q u e n t  mode o f  t r a n s m i s s i o n  and i n f e c t i o n .
These i n v e s t i g a t i o n s  a l s o  show t h a t  d y s e n t e r y  b a c i l l i  
do n o t  p e r s i s t  f o r  l o n g  p e r i o d s  o u t s i d e  the  body i n  e x c r e t a ,  
p o l l u t e d  w a t e r ,  an d  sand ,  a n d  i t  seemed l i k e l y  t h a t  u n d e r  
a c t i v e  s e r v i c e  c o n d i t i o n s  d i r e c t  o r  i n d i r e c t  p e r s o n a l  c o n t a c t  
was the  most  i m p o r t a n t  f a c t o r  in  t h e  s p r e a d  of  b a c i l l a r y
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d y s e n t e r y  i n  view o f  t h e  f r e q u e n c y  o f  h e a l t h y  c a r r i e r s ,  t h e  
f a c t  t h a t  many c a s e s  o f  s im p le  d i a r r h o e a  w i t h o u t  c h a r a c t e r i s t i c  
d y s e n t e r i c  symptoms were due t o  d y s e n t e r y  b a c i l l i  a n d  t h e  
p r o b a b i l i t y  t h a t  t h e s e  c a s e s  o f t e n  e s c a p e d  n o t i c e ,  t h e  
i n f e c t e d  p e r s o n  c o n t i n u i n g  on d u t y  or  r e c o v e r i n g  w i t h o u t  b e i n g  
a d m i t t e d  t o  h o s p i t a l .
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THE
V. PARAC HOLBRAB GROUP.
INTRODUCTION.
At the  Base L a b o r a t o r y  o f  th e  E g y p t i a n  E x p e d i t i o n a r y  
F o rc e  (1 9 1 6 -1 9 1 8 ) ,  I  had the  o p p o r t u n i t y  o f  i n v e s t i g a t i n g  57 
s t r a i n s  o f  ^ n o n - c h o l e r a  v i b r i o s  i s o l a t e d  f rom t y p i c a l  
c h o l e r a i c  c a s e s ,  f rom  c a s e s  o f  a c u t e  d i a r r h o e a  ( n o t  c h o l e r a i c  
i n  ty p e )  and  a l s o  from h e a l t h y  c a r r i e r s .  These o rg a n i s m s  i n  
t h e i r  g e n e r a l  c h a r a c t e r s  a l l  c l o s e l y  r e s e m b le d  one a n o t h e r  and  
e v i d e n t l y  b e lo n g e d  t o  a  w e l l  d e f i n e d  b i o l o g i c a l  g ro u p ;  i n  many 
r e s p e c t s  t h e y  c o r r e s p o n d e d  c l o s e l y  to the c l a s s i c a l  
V. c h o l e r a e  b u t  were d i f f e r e n t i a t e d  by  serum r e a c t i o n s .
I t  has  b een  r e c o g n i s e d  by o t h e r  w o rk e r s  i n  the  E a s t  tha, t  
a p a r t  from th e  t y p i c a l  e p id em ic  c h o l e r a  o f  A s ia  due t o  a  
v i b r i o  w i t h  the  b i o l o g i c a l  c h a r a c t e r s  o f  th e  c l a s s i c a l  v i b r i o  
c h o l e r a e  o f  Koch, c h o l e r a i c  c o n d i t i o n s  may be p r o d u c e d  by  
d i f f e r e n t  v i b r i o  t y p e s  ( C a s t e l l a n ! ,  Cha lm ers  and  W a t e r f i e l d ) . 
As s u g g e s t e d  by C a s t e l l a n ! ,  a  c h o l e r a i c  i l l n e s s  due to  a  
v i b r i o  w h ich  c a n n o t  be i d e n t i f i e d  w i t h  th e  V. c h o l e r a e  m igh t  
be d e s i g n a t e d  ” p a r a c h o l e r a  ’’
In  the  i d e n t i f i c a t i o n  o f  v i b r i o  s t r a i n s  i s o l a t e d  f rom  
c h o l e r a i c  c a s e s ,  the  p o s s i b l e  o c c u r r e n c e  of  v a r i a n t s  o f  the  
V, c h o l e r a e  must  be c o n s i d e r e d .  Thus th e  E l  Tor v i b r i o  o f  
G o t s c h l i c h  d i f f e r e d  from  the  c l a s s i c a l  type  i n  p r o d u c i n g  a n  
a c t i v e  h a em o ly s in  b u t  was a g g l u t i n a t e d  by  a  s p e c i f i c  
a n t i c h o l e r a  s e r u m , a n d , i n  v iew o f  i t s  s e r o l o g i c a l  c h a r a c t e r s ,
2 .
has been  g e n e r a l l y  r e g a r d e d  a s  a  v a r i e t y  o f  the  t y p i c a l  
V. c h o l e r a e .  I t  has  a l s o  been  c l a im e d  t h a t  s t r a i n s  o f  
V. c h o l e r a e  may under  c e r t a i n  c o n d i t i o n s  l o s e  t h e i r  s p e c i f i c  
s e r o l o g i c a l  c h a r a c t e r s  ( e . g .  a g g l u t i n a b i l i t y  by a  homologous 
a n t i s e r u m )  and t h u s  s i m u la t e  n o n - c h o l e r a  t y p e s .  I t  i s ,  
however,  g e n e r a l l y  a g r e e d  t h a t  th e  f a i l u r e  o f  a  v i b r i o  s t r a i n  
( e s p e c i a l l y  a f t e r  r e p e a t e d  s u b c u l t u r e )  t o  r e a c t  w i t h  an  
a n t i c h o l e r a  a g g l u t i n a t i n g  serum i s  e v id e n c e  t h a t  i t  b e lo n g s  
to  a  d i f f e r e n t  s p e c i e s .  Moreover ,  th e  s e r o l o g i c a l  d i f f e r e n t i a ­
t i o n  i s  c o n f i rm e d  i f  an a g g l u t i n a t i n g  a n t i s e r u m  to  t h i s  s t r a i n  
f a i l s  t o  r e a c t  w i t h  a  known V. c h o l e r a e .
THE OCCURRENCE OF PARACHOLERA VIBRIOS IN A 
LOCALIZED CHOLERAIC OUTBREAK.
My a t t e n t i o n  was f i r s t  drawn t o  o rg an ism s  o f  t h i s  type  
by t h e i r  o c c u r r e n c e  i n  c e r t a i n  c h o l e r a i c  c a s e s  f o r m in g  a  
s m a l l  l o c a l i z e d  o u tb r e a k  i n  one o f  th e  C o n v a le s c e n t  H o s p i t a l s  
i n  E g y p t .
The f o l l o w i n g  c l i n i c a l  summaries w i l l  s e r v e  t o  i n d i c a t e  
the  c o n d i t i o n s  w i t h  w h ich  th e s e  o rgan ism s  were a s s o c i a t e d :
On O c tob er  26, P t e .  G. ,  a  p a t i e n t  c o n v a l e s c i n g  from  
” p leurodynie^  , d e v e lo p e d  a  sudden a c u t e  i l l n e s s  w h ic h  
p r e s e n t e d  th e  c h a r a c t e r i s t i c  c l i n i c a l  s i g n s  and  symptoms o f
A s i a t i c  c h o l e r a .  The c o n d i t i o n  s t a r t e d  w i t h  s e v e r e  c o l i c ,  
f o l l o w e d  by i n t e n s e  d i a r r h o e a  and  v o m i t in g ,  and  s e v e r e  
c ram ping  p a i n s  i n  the  t h i g h s  and  l e g s .  The e v a c u a t i o n s  were 
t y p i c a l l y  ” r i c e - w a t e r  " in  c h a r a c t e r .  The a c u t e  s t a g e  was 
f o l l o w e d  by  a  s t a t e  o f  ex trem e c o l l a p s e  w i t h  subnorm al  
t e m p e r a t u r e ,  low b l o o d  p r e s s u r e ,  sunken e y e s ,  c o l d  l i v i d  s k i n ,  
and  a  weak husky vo ice*  He was t r e a t e d  i n  th e  c o l l a p s e d  
s t a t e  by i n t r a v e n o u s  i n j e c t i o n  of  h y p e r t o n i c  s a l i n e  s o l u t i o n  
and  s u b s e q u e n t l y  made an u n i n t e r r u p t e d  r e c o v e r y .  I t  i s  o f  
i n t e r e s t  to  n o te  t h a t  t h i s  p a t i e n t  had been  s u f f e r i n g  f rom 
d i g e s t i v e  d i s o r d e r  f o r  s i x  days p r e v i o u s  to  t h e  o n s e t  o f  th e  
c h o l e r a i c  i l l n e s s .
The same day, O c to b e r  26, a n o t h e r  p a t i e n t  P t e .  B . , i n  
the  same h o s p i t a l  su d d e n ly  d e v e lo p e d  a c u te  d i a r r h o e a  w i t h  
ab d om in a l  p a i n  and cramps I n  th e  l e g s ,  b u t  the  i l l n e s s  was 
n o t  so s e v e r e  a s  i n  th e  f i r s t  c a s e ,  and  was n o t  a s s o c i a t e d  
w i t h  any marked degree  of  c o l l a p s e ,  th p u g h  th e  b l o o d  p r e s s u r e  
was r e l a t i v e l y  low. T h is  man had b een  s u f f e r i n g  f o r  some 
months p a s t  f rom r e c u r r e n t  m i ld  d i a r r h o e a l  a t t a c k s .
On the  f o l l o w i n g  day, O c tober  27, t h r e e  o t h e r  p a t i e n t s  
i n  t h e  h o s p i t a l ,  P t e .  C . ,  T r p r .  ¥ . ,  and P t e .  P . ,  d e v e lo p e d  
a c u t e  c h o l e r a i c  d i a r r h o e a .  I n  the  c a se  o f  P t e .  C . , th e  
c o n d i t i o n  was a s s o c i a t e d  w i t h  abdom inal  p a i n  and v o m i t in g  
b u t  w i t h o u t  marked c o l l a p s e .  The i n t e s t i n a l  d i s c h a r g e s  were
of  the  " r i c e - w a t e r  ” t y p e .  T r p r .  ¥ ’ 9 . i l l n e s s  was s im p ly  an 
a c u t e  h u t  t r a n s i e n t  d i a r r h o e a  w i t h  l i t t l e  g e n e r a l  d i s t u r b a n c e .  
T h is  p a t i e n t  had an e n t e r i c  ” i l l n e s s  i n  A ugus t .  The day 
b e f o r e  the  a c u t e  a t t a c k  he had s l i g h t  d i a r r h o e a .  P t e .  P .
s u f f e r e d  from a more a c u t e  d i a r r h o e a ,  w i t h  v o m i t in g ,  cramps i n
the  l e g s  and  some degree  of c o l l a p s e .
On O c to be r  28, a t  m id n ig h t ,  an  R.A.M.C. o r d e r l y ,  P t e .  L. , 
who had been i n  a t t e n d a n c e  on P t e .  B. the  same day,  s u d d e n ly  
d e v e lo p ed  an a c u t e  c h o l e r a i c  c o n d i t i o n  v/hich was more or l e s s  
s i m i l a r  t o  t h a t  o f  P t e .  G . , and  was a s s o c i a t e d  w i t h  marked 
c o l l a p s e .  His e v a c u a t i o n s  d u r in g  the  a c u t e  s t a g e  were 
t y p i c a l l y  " r i c e - w a t e r  " i n  c h a r a c t e r .  He, however,  made a 
good r e c o v e r y  a f t e r  two d a y s ’ i l l n e s s .
From a l l  t h e s e  c a s e s  v i b r i o s  were i s o l a t e d . »  I n  the  c a s e s ,
G . , L . ,  and  P .  l a r g e  numbers of  v i b r i o - l i k e  o rgan ism s  were 
q u i t e  e v i d e n t  on m ic r o s c o p ic  e x a m in a t io n  o f  the  d i s c h a r g e s .
On November 1, a n o t h e r  p a t i e n t  ' i n  the  h o s p i t a l  d e v e lo p e d  
an a c u t e  c h o l e r a - l i k e  i l l n e s s .  The d i a r r h o e a l  s t a g e ,  w h ich  
l a s t e d  a b o u t  e l e v e n  h o u r s ,  was f o l l o w e d  by  a  c o l l a p s e d  s t a t e
w i t h  complete  c e s s a t i o n  of  the  d i a r r h o e a .  The f i r s t  s t o o l
p a s s e d  a f t e r  t h i s ,  a b o u t  24 hours  a f t e r  the  o n s e t  o f  t h e  i l lness ,
was exam ined  b u t  no v i b r i o s  were d e t e c t e d .  Specimens o f  th e
e a r l i e r  e v a c u a t i o n s  were n o t  o b t a i n e d  f o r  b a c t e r i o l o g i c a l  
e x a m in a t io n .
* I n  the  c a s e s  P t e .  C. and  T r p r .  W. v i b r i o s  were f i r s t  d e t e c t e d  ' 
i n  p r i m a r y  c u l t u r e  by C a p ta in  E. J .  S t o r e r  o f  th e  M i l i t a r y  
B a c t e r i o l o g i c a l  L a b o r a t o r y ,  A l e x a n d r i a .  The s u b s e q u e n t  i s o l a t i o n  
and  i n v e s t i g a t i o n  of  t h e s e  s t r a i n s  were c a r r i e d  o u t  by  m y s e l f .
I n  the  c ase  o f  G.,  v i b r i o s  were d e t e c t e d  on the  f i r s t  and  
second  days b u t  were fo u n d  to  be a b s e n t  on th e  t h i r d  day from 
the  o n s e t  of  the  i l l n e s s .  I n  the  o t h e r  c a s e s  a l s o  v i b r i o s  
d i s a p p e a r e d  r a p i d l y  f rom the  f a e c e s .
A p p r o p r i a t e  p r e v e n t i v e  m easu re s  were a t  once t a k e n  by  
the D.A.D.M.S. ( S a n i t a t i o n )  when v i b r i o s  were found  i n  th e  
f i r s t  c ase  an d  a f t e r  November 1 no f u r t h e r  c h o l e r a i c  c a s e s  
were r e p o r t e d .
The p r e s e n c e  of  v i b r i o s  i n  l a r g e  numbers d u r i n g  the  
a c u t e  p h ase  and  t h e i r  r a p i d  d i s a p p e a r a n c e  a f t e r  r e c o v e r y  were 
r e g a r d e d  a s  s u g g e s t i v e  o f  t h e i r  a e t i o l o g i c a l  r e l a t i o n s h i p  to  
the  d i s e a s e .
C l i n i c a l l y ,  c e r t a i n  o f  th e  c a s e s ,  e s p e c i a l l y  t h a t  o f
P t e .  G.,  were i n d i s t i n g u i s h a b l e  f rom  A s i a t i c  c h o l e r a .  Others ,
were m i l d e r  i n  ty p e .
I s o l a t i o n  of the  V i b r i o s .
P e p t o n e - w a t e r  t u b e s  were i n o c u l a t e d  from th e  i n t e s t i n a l ,  
d i s c h a r g e s  a n d  i n c u b a t e d  a t  37^ C. f o r  6 -8  h o u r s .  On
e x a m in a t io n  of th e  c u l t u r e s  l a r g e  numbers of  a c t i v e l y  m o t i l e  ,
v i b r i o s  were fo u n d ,  c o n s i d e r a b l y  i n  e x c e s s  o f  the o t h e r  
o rg an ism s  p r e s e n t . A l o o p f u l  o f  the  t h i n  p e l l i c l e - g r o w t h  on 
t h e  s u r f a c e  of  th e  medium was i n t r o d u c e d  i n t o  f r e s h  p e p to n e -  
w a te r  tu b e s  w h ich  were i n c u b a t e d  f o r  a  p e r i o d  o f  a b o u t  12
6..
h o u r s .  A p r a c t i c a l l y  p u re  v i b r i o  c u l t u r e  was o b t a i n e d  i n  t h i s  
way by ” e n r i c h m e n t  ” i n  p e p t o n e - w a t e r  and  the  s t r a i n s  were 
i s o l a t e d  from c o l o n i e s  on p l a t e s  of  D ie u d o n n e ’ s medium, 
i n o c u l a t e d  from  the  f i r s t  or  seco n d  p e p to n e  t u b e s . *
C h a r a c t e r s  of  the  V i b r i o  S t r a i n s  I s o l a t e d .
The s i x  s t r a i n s  c o r r e s p o n d e d  c l o s e l y  i n  t h e i r  m o r p h o lo g i c a l  
a n d  c u l t u r a l  c h a r a c t e r s .
M o r p h o lo g ic a l  C h a r a c t e r s : A c t i v e l y  m o t i l e  ** comma " - shaped  
o rgan ism ,  1 ' 3 to  2  m ic ro n s  i n  l e n g t h  and 0*4 m ic ro n  i n  b r e a d t h ;  
t h e r e  was,  however,  c o n s i d e r a b l e  v a r i a t i o n  i n  s i z e ,  an d  ”S” 
form s were n o t e d  i n  young c u l t u r e s .  F i lm s  from o l d e r  c u l t u r e s  
showed the  c h a r a c t e r i s t i c  i n v o l u t i o n  forms of  t h e  V. c h o l e r a e .
I n  p r e p a r a t i o n s  s t a i n e d  to  show f l a g e l l a  by the  method o f  
N i c o l l e  and Morax, a  s i n g l e  t e r m i n a l  f l a g e l l u m  a b o u t  t h r e e  
t im e s  the  l e n g t h  of  th e  v i b r i o  was d e m o n s t r a t e d .
S t a i n i n g  r e a c t i o n s :  the  v i b r i o  was g r a m - n e g a t i v e .  I n  
young c u l t u r e s  i t  s t a i n e d  w e l l  w i t h  the  o r d i n a r y  s t a i n s  b u t  i n  
o l d e r  c u l t u r e s  the s t a i n i n g  r e a c t i o n  was f a i n t .
C u l t u r a l  c h a r a c t e r s : a l l  th e  s t r a i n s  were r e a d i l y  
c u l t i v a t e d  on o r d i n a r y  media  unde r  a e r o b i c  c o n d i t i o n s ,  b o t h  
a t  37° C. and  22° C.
S t r o k e  c u l t u r e s  on s l o p e d  a g a r ,  a f t e r  24 h o u rs  a t  37° C . 
c o n s i s t e d  of a m o is t  w h i t i s h  g ro w th  s l i g h t l y  more opaque and
F u r t h e r  d e t a i l s  o f  t h e  t e c h n i q u e  employed a re  g i v e n  below 
( p .  3.V .
' 7 .
more a b u n d an t  th a n  t h a t  of  a  V. c h o l e r a e .  A f t e r  2 -3  days the  
g ro w th  became s l i g h t l y  b r o w n i s h - y e l l o w  i n  c o l o u r  ( l i k e  
V. c h o l e r a s ) .
C o l o n ie s  on a g a r ,  a f t e r  24 h o u rs  a t  37° C . ,  were m o i s t ,  
w h i t e ,  somewhat r a i s e d ,  w i t h  a  c o m p l e t e ly  c i r c u l a r  w e l l -  
d e f i n e d  m arg in ,  and s l i g h t l y  more opaque th a n  th o s e  o f  
V. c h o l e r a e .  The a v e ra g e  d i a m e t e r  o.f 24 h o u rs  c o l o n i e s  was 
2 -3  m.m. A f t e r  48 hou rs  t h e y  b egan  to  assume a  b r o w n i s h -  
y e l lo w  c o l o u r .
In  g e l a t i n  s t a b  c u l t u r e s  (15% g e l a t i n )  a t  16° - 18° C . ,  
a  w h i t e  l i n e  of  g ro w th  was a p p a r e n t  in  24 h o u r s .  A f t e r  
36-48 h o u r s ^ l i q u e f a c t i o n  began  a t  the  upp e r  end  o f  the  s t a b ,  
and  by  the  3 rd  or  4 t h  day a   ̂ cup ** formed w i t h  a  f u n n e l  of  
■(Liquefaction e x t e n d i n g  down a lo n g  the l i n e  o f  i n o c u l a t i o n .  
L i q u e f a c t i o n  o c c u r r e d  more r a p i d l y  t M n  i n  t h e  case  o f  a  
V. c h o l e r a e  s t r a i n  b u t  o t h e r w i s e  the  type  o f  g ro w th  was the  
same.
I n  p e p t o n e - w a t e r ,  the  o rg an ism  grew a b u n d a n t l y  p r o d u c i n g  
a  g e n e r a l  t u r b i d i t y  o f  the  medium and a  c h a r a c t e r i s t i c  
*' p e l l i c l e  on t h e  s u r f a c e .  There  was no a p p a r e n t  p ig m e n t -  
p r o d u c t i o n .
On MacConkey^s and  Dieudonne ’ s media, the  v i b r i o  grew 
w e l l ,  p r o d u c i n g  c o l o n i e s  w h ich  were somewhat l a r g e r  t h a n  th o s e  
o f  V. c h o l e r a e .  The c o l o n i e s  on MacConkey’ s a g a r ,  a f t e r  48
8.
h o u r s  showed a  c h a r a c t e r i s t i c  y e 1 1 owish-hro?m c o l o u r  and were
l e s s  r a i s e d  a n d  opaque th an  the  c o l o n i e s  on o r d i n a r y  a g a r .
On a l k a l i n e  p o t a t o  medium, an a b u n d an t  m o is t  w h i t e  g row th
d e v e lo p e d  a t  37° C. a f t e r  24 h o u r s .  I n  4 or 5 days i t  became
b r o w n i s h - p i n k  i n  c o l o u r .
On s o l i d i f i e d  b l o o d  serum a t  37° C. a b u n d a n t  g ro w th  and
r a p i d  l i q u e f a c t i o n  o f  the  medium o c c u r r e d ,  so t h a t  i n  36 h o u rs
a b o u t  t h r e e - q u a r t e r s  of  the  s l o p e d  medium was l i q u e f i e d .  A
V, c h o l e r a e  s t r a i n  i n  t h e  same t ime l i q u e f i e d  a b o u t  o n e - q u a r t e r
of  the  same amount o f  serum medium*
B io c h e m ic a l  r e a c t i o n s : th e  r e s u l t s  o f  th e  f e r m e n t a t i v e
t e s t s  were a s  f o l l o w s : -
Glucose  - - - a c i d ;  no gas
G a l a c to s e
L ae v u lo se  - - - « #
M al to se  - - -  - *
S a c c h a ro s e  - ” *
Mannite  - « *
D e x t r i n e  - - - - " ”
G l y c e r i n  *
D u l c i t e  - - - - .  no a c i d  p r o d u c t i o n  a f t e r  10 days
A don i te  - - - - ** ' ” ” , "
Rhamnose " * ” ” *
R a f f i n ose " " " » ”
I n u l i n  
S a l i c i n
W W M ft
S o r b i t e  - - - s l i g h t l y  a c i d  1 s t  day;  l a t e r
a l k a l i n e .
M ilk  - - - s l i g h t l y  a c i d ;  no c l o t .
L a c to s e  - - a t  f i r s t  no f e r m e n t a t i o n ;  a f t e r .
7 -10  days d i s t i n c t l y  a c i d  
e x c e p t  in  the  c a se  of  s t r a i n
C h o l e r a - r e d  r e a c t io n  (d ep e n d in g  on the  f o r m a t i o n  o f  n i t r i t e s  
and i n d o l )  was m arked ly  p o s i t i v e  a f t e r  18 h o u rs  g row th .  The 
t e s t  c o n s i s t e d  i n  a d d in g  a b o u t  2 c . c .  of 50% s u l p h u r i c  a c i d  
to  a  p e p t o n e - w a t e r  c u l t u r e .  H aem olys is ,  t e s t e d  by  c u l t i v a t i o n  
on b l o o d  a g a r ,  was e v i d e n t  a f t e r  36 h o u r s ’ g row th .  
P h o s p h o re s c e n c e  was a b s e n t .
S e r o l o g i c a l  R e a c t i o n s
V. Clio l e  r ae  A n t i se ru m
A g g l u t i n a t i on . There was no a g g l u t i n a t i o n  of  any o f  the  
s t r a i n s  by  a 1 :5 0  d i l u t i o n  o f  an a n t i - c h o l e r a  serum ( L i s t e r  
I n s t i t u t e )  v/hose e n d - t i t r e  was 1 :2 0 0 0 .  The t e s t s  'were 
r e p e a t e d  a f t e r  the  s t r a i n s  had been  s u b c u l t u r e d  s e v e r a l  t im e s ,  
w i t h  n e g a t i v e  r e s u l t .  S i m i l a r l y ,  the  s t r a i n s  a f t e r  r e c o v e r y  
from e x p e r i m e n t a l  a n im a l s  (v .  i n f r a )  s t i l l  f a i l e d  to  r e a c t  
w i t h  the  V. c h o l e r a e  a n t i s e r u m .
Complement D e v i a t i o n - No complement d e v i a t i o n  r e a c t i o n  
was o b t a i n e d  i n  the  case  o f  any  o f  the  s t r a i n s  a lo n g  w i t h  the  
a n t i c h o l e r a  serum, th ou g h  a marked r e a c t i o n  was e l i c i t e d  i n  
the  c ase  of a  known V. c h o le r a e  s t r a i n .
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P a t i e n t s ’ S e r a .
A g g l u t i n â t ! on. The s e r a  o f  the  s i x  c a s e s  were t e s t e d  
7 days a f t e r  th e  o n s e t  o f  the  i l l n e s s ,  b o t h  w i t h  th e  p a r t i c u l a r  
s t r a i n  i s o l a t e d  and a l s o  w i t h  a  V. c h o l e r a e .  P t e .  G’ s .  serum 
a g g l u t i n a t e d  the  r e s p e c t i v e  s t r a i n  and  a l s o  V. c h o l e r a e  i n  
d i l u t i o n s  up to  1 :20 0  a f t e r  4 h o u r s .
None of  th e  o t h e r  s e r a  r e a c t e d  t o  the  s t r a i n  i s o l a t e d  or
to  V . c h o l e r a e .  G. had been  i n o c u l a t e d  tw ice  w i t h  c h o l e r a  
v a c c in e  9 months p r e v i o u s l y .  The serum of a  h e a l t h y  p e r s o n  
i n o c u l a t e d  t h r e e  months p r e v i o u s l y  w i t h  c h o l e r a  v a c c i n e  d id  
n o t  a g g l u t i n a t e  the  same V. c h o l e r a e  s t r a i n  i n  d i l u t i o n s  
h i g h e r  t h a n  1 :2 0  and d id  n o t  a c t  on s t r a i n  G. even  i n  a  1 :2 0  
d i l u t i o n .
The o c c u r re n c e  of  s p e c i f i c  a g g l u t i n i n s  i n  the  serum o f  
,i n f e c t e d  p e r s o n s  i s  s t r o n g l y  i n d i c a t i v e  of  the  c a u s a l  
r e l a t i o n s h i p  o f  th e  v i b r i o  to  the  i l l n e s s  w i t h  which  i t  was 
a s s o c i a t e d .  Only one of the  s i x  c a s e s  ( P t e .  G.) r e a c t e d  i n
t h i s  way ; the  n e g a t i v e  r e a c t i o n  i n  the  o t h e r  c a s e s  c o u ld  n o t ,
h ow ever , be c o n s i d e r e d  o f  any s i g n i f i c a n c e  ( se e  a l s o  P a r t  2 
p.SlA).  Thus, even i n  t r u e  c h o l e r a  the  a g g l u t i n i n  r e a c t i o n  
i s  v a r i a b l e  and  tho u gh  w e l l  marked in  c e r t a i n  c a s e s  i s  
f r e q u e n t l y  q u i t e  a b s e n t  ( a s  shown by  the  p r o t o c o l s  o f  G r e i g ’ s 
i n v e s t i g a t i o n s ) .
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As r e g a r d s  th e  ” c o n c o m i ta n t  ” r e a c t i o n  of G’ s .  serum to  
V* c h o l e r a e ,  i t  m igh t  be supposed  t h a t  an i n c r e a s e  o f  th e  p o s t ­
i n o c u l a t i o n  a g g l u t i n i n s  had o c c u r r e d  i n  an  a n a lo g o u s  f a s h i o n  
to  t h a t  n o t e d  i n  th e  c a se  of. p a r a t y p h o i d  p a t i e n t s  p r e v i o u s l y  
i n o c u l a t e d  w i t h  B. ty p h o su s  v a c c in e  (v .  P a r t  S  p . 3  ) .
G ' s .  serum was r e t e s t e d  a  month a f t e r  th e  onset-  of  th e  
i l l n e s s .  I t  was n o t e d  t h a t  th e  e n d - t i t r e  of th e  a g g l u t i n i n s  
f o r  s t r a i n  G. and  V. c h o l e r a e  was now 1 :1 0 0 ,
A n t i se ru m  to  S t r a i n s  G. a n d  L .
R a b b i t s  were immunized by  i n t r a v e n o u s  i n j e c t i o n  of  
i n c r e a s i n g  d o se s  of  a g a r  s lo p e  c u l t u r e s  e m u l s i f i e d  i n  norm al  
s a l i n e  an d  s t e r i l i z e d  a t  65° C. An a g g l u t i n a t i n g  a n t i s e r u m  
was f i r s t  o b t a i n e d  f o r  s t r a i n  G. and t e s t e d  w i t h  th e  o t h e r  
s t r a i n s  and a l s o  a  t y p i c a l  V. c h o l e r a e .  The r e s u l t s  a r e  shown 
i n  t h e  f o l l o w i n g  t a b l e
A g g l u t i n a t i n g  Serum V. S t r a i n  G.
Serum D i l u t i o n .
Strain 1 :1 0 0 1 :2 0 0 1:400 1 :80 0 1:1600 1:3200 No serum
G. ++f+ + + + + —
W. ++ + + 1 f + + f + + f — —
P . ++++ f f ++ + i++ + + + + —
c. + +++ ++++ + + + f + + + + + + — — .
»L. — — — — — — —
B. mmmmt — — —■ —
V. c h o l e r a e  — — — — ^  ’ — —
H ead ings  made a f t e r  4 h o u r s .
( + com ple te  a g g l u t i n a t i o n  an d  the  v a r i o u s  d e g r e e s  of
p a r t i a l  a g g l u t i n a t i o n  a r e  r e p r e s e n t e d  by  +4+, ++, + . )
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When i t  was fo u n d  t h a t  s t r a i n s  L. and  B. d i d  n o t  r e a c t  w i t h  
the  a n t i s e r u m  to  G. even  i n  low d i l u t i o n s ,  an  immune serum to  
s t r a i n  L .  was o b t a i n e d  a n d  t e s t e d  w i t h  th e  o t h e r  s t r a i n s  and  
V. c h o l e r a e .  The r e s u l t s  a r e  shown i n  th e  f o l l o w i n g  t a b l e : -
A g g l u t i n a t i n g  Serum V. S t r a i n ' L .
Serum D i l u t i o n .
S t r a i n  1 :1 0 0  1 :200  1 :4 0 0  1 :800  1 :1600  1 :3200  No serum
D .  + + + +  + + f +  ++++ + + + +  f f  + —
D . •f-f'ff + + 4+ 4++f 4+4 44 —
V. c h o l e r a e  — —— — — — —
R e ad in g s  made a f t e r  4 h o u r s .
These r e s u l t s  c l e a r l y  showed t h a t  t h e  s i x  s t r a i n s  
r e p r e s e n t e d  two d i f f e r e n t  s e r o l o g i c a l  t y p e s .  The a n t i s e r u m  
t o  G. a g g l u t i n a t e d  G . , W., C . ,  an d  B . , b u t  had no e f f e c t  on 
L .  a n d  B . , w h i l e  the  immune serum t o  L. a g g l u t i n a t e d  L.  and  
B . ,  b u t  d i d  n o t  r e a c t  w i t h  th e  s t r a i n s  o f  t h e  o t h e r  s p e c i e s  
(G . ,  W ., C . ,  P . ) .  I t  was a l s o  a p p a r e n t  t h a t  b o t h  t h e s e  t y p e s  , 
were s e r o l o g i c a l l y  d i f f e r e n t  from V. c h o l e r a e .  I t  i s  o f  
i n t e r e s t  to  n o t e  here  t h a t  P t e .  L .  was p r o b a b l y  i n f e c t e d  from 
P t e .  B. (v id e  c l i n i c a l  su m m ar ie s ) .
1 3 .
P a t h o g e n i c  E f f e c t s  on A n im als .
Guinea  p i g s :  a l l  the  s t r a i n s  were t e s t e d  b y  i n t r a p e r i -
t o n e a l  i n j e c t i o n  o f  o n e - h a l f  of  a  24 h o u r s '  a g a r  s lo p e  c u l t u r e  
e m u l s i f i e d  i n  s a l i n e .  The a n im a l s  showed s i g n s  of c o l l a p s e  
a f t e r  2 -3  hou rs  and  d i e d  i n  4 -6  h o u r s .  At a u t o p s y  the  abdomen 
was m arked ly  d i s t e n d e d ;  the  p e r i t o n e a l  c a v i t y  c o n t a i n e d  
c o n s i d e r a b l e  e x c e s s  o f  f l u i d  w h ic h  was t u r b i d  a n d  in  some 
c a s e s  b l o o d - s t a i n e d .  S m a l l  i n t e s t i n e  -  th e  mucosa and  whole 
i n t e s t i n a l  w a l l  was in f l a m e d ;  t h e r e  was no f a e c a l  m a t e r i a l  i n  
the  bowel  b u t  the  lumen was d i s t e n d e d  w i t h  a n  opaque y e l l o w  
mucous f l u i d  s l i g h t l y  b l o o d - s t a i n e d ;  m ic r o s c o p ic  e x a m in a t io n  
r e v e a l e d  l a r g e  numbers of  v i b r i o s  an d  a n  a b u n d a n t  c e l l u l a r  
e x u d a t e .  V i b r i o s  were r e c o v e r e d  b y  c u l t u r e  f rom  th e  p e r i t o n e a l  
e x u d a t e f  t h e  i n t e s t i n a l  c o n t e n t s  and  a l s o  the  h e a r t  b l o o d .
These e f f e c t s  were s i m i l a r  t o  th o s e  p ro d u c e d  by  two 
V. c h o l e r a e  s t r a i n s  w h ic h  were s i m i l a r l y  t e s t e d  f o r  p u r p o s e s  
o f  co m p a r iso n .
P i g e o n s :  two o f  the  s t r a i n s  were t e s t e d  by  i n j e c t i o n  o f
^ t h  o f  a  24 h o u r s '  a g a r  s lo p e  c u l t u r e  i n t o  th e  p e c t o r a l  
m u s c le .  Ho p a t h o g e n i c  e f f e c t s  were  n o t e d .  ,
R a b b i t s :  s t r i k i n g  r e s u l t s  were o b t a i n e d  i n  t h e s e
e x p e r i m e n t s  a n d  i t  was found  p o s s i b l e  t o  r e p r o d u c e  a  t y p i c a l
c h o l e r a  p i c t u r e , p o s t - m o r t e m  by  i n t r a v e n o u s  i n j e c t i o n  o f  even
Jk - th  o f  an a g a r  s lo p e  c u l t u r e .  The s i x  s t r a i n s  a l l  e x h i b i t e d  
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the  same e f f e c t s .  I n  g e n e r a l ,  a f t e r  i n t r a v e n o u s  i n j e c t i o n  of  
i t h  of a  c u l t u r e ,  the  a n im a l  d i e d  i n  a b o u t  24 h o u rs  o r  l e s s .  
I n  one c ase  t h e r e  was a  marked d i a r r h o e a l  c o n d i t i o n  b e f o r e  
d e a t h .  P o s t -m o r tem  - the  s m a l l  i n t e s t i n e  c o n t a i n e d  no f a e c a l  
. m a t e r i a l ;  t h e  mucosa was i n t e n s e l y  i n f l a m e d  and  th e  lumen o f  
the  bowel was d i s t e n d e d  w i t h  a  w h i t e  m i lk y  mucous f l u i d  ( i n  
some c a s e s  w i t h  b l o o d - s t a i n e d  m u c o - p u r u le n t  m a t e r i a l )  . The 
i n t e s t i n a l  f l u i d  c o n t a i n e d  an  a b u n d a n t  c e l l u l a r  e x u d a te  
c o n s i s t i n g  o f  d e g e n e ra te  l e u c o c y t e s  a n d  m asses  o f  e x f o l i a t e d  
e p i t h e l i u m .  The p a t h o l o g i c a l  c o n d i t i o n  was most marked i n  the  
lower  p a r t  o f  the  s m a l l  i n t e s t i n e .  C u l t u r e s  of  th e  i n t e s t i n a l  
c o n t e n t s  on MacConkey 's  a g a r  i n  some c a s e s  r e p r e s e n t e d  a  pu re  
g ro w th  o f  v i b r i o s .
These a n im a l  e x p e r im e n t s  showed a  h i g h l y  s e l e c t i v e  t o x i c  
a c t i o n  on th e  mucosa o f  t h e  sm a l l  i n t e s t i n e .  The r e s u l t s  a l s o  
c o r r e s p o n d e d  t o  the  p a t h o g e n i c  e f f e c t s  s i m i l a r l y  p ro d u c e d  by a  
known V. c h o l e r a e .
The I d e n t i t y  o f  the  S t r a i n s  I s o l a t e d .
Prom th e  b a c t e r i o l o g i c a l  f i n d i n g s  i t  was a p p a r e n t  t h a t  
t h e s e  v i b r i o  s t r a i n s  c l o s e l y  r e s e m b le d  the  V, c h o l e r a e  i n  many 
o f  t h e i r  c h a r a c t e r s ;  t h e y  d i f f e r e d ,  however, i n  t h e i r  
s e r o l o g i c a l  r e a c t i o n s .  As r e g a r d s  t h e i r  g e n e r a l  c u l t u r a l  
c h a r a c t e r s ,  no e s s e n t i a l  d i f f e r e n c e  c o u ld  be e s t a b l i s h e d ;  the
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l i q u e f a c t i o n  of  g e l a t i n  an d  s o l i d i f i e d  serum was,  however,  more 
marked.  The b io c h e m i c a l  r e a c t i o n s  were s i m i l a r  t o  t h o s e  of  
V. c h o l e r a e .  The h a e m o ly t ic  t e s t  d i f f e r e n t i a t e d  t h e s e  s t r a i n s  
from th e  c l a s s i c a l  c h o l e r a  v i b r i o  (w h ich  i s  n o n - h a e m o ly t i c )  
b u t  a s  i s  w e l l  known, v a r i e t i e s  o f  th e  V. c h o l e r a e  ( i d e n t i f i e d  
by c e r t a i n  s p e c i f i c  s e r o l o g i c a l  r e a c t i o n s )  have been  shown t o  
be h a e m o ly t i c ,  e . g .  B u f f e r ' s  Groups I I  and  I I I .  [o ro u p  I I  was 
a g g l u t i n a t e d  by  an a n t i s e r u m  t o  the  t y p i c a l  c h o l e r a  v i b r i o  
and  a l s o  r e a c t e d  p o s i t i v e l y  i n  the  P f e i f f e r  t e s t  b u t  the  
c o m p l e m e n t - f i x a t i o n  r e a c t i o n  was a b s e n t .  Group I I I  f a i l e d  to  
r e a c t  i n  the  P f e i f f e r  t e s t  b u t  was a g g l u t i n a t e d  by  the  
a n t i s e r u m  and  a l s o  gave th e  c o m p l e m e n t - f i x a t i o n  r e a c t i o n ^
S t r a i n s  were a l s o  met w i t h  i n  E gyp t  (1916-1918)  f rom  
c h o l e r a i c  c a s e s  which^ th o u g h  m ark ed ly  h a e m o l y t i c , s t i l l  r e a c t e d  
up t o  e n d - t i t r e  w i t h  a  V. c h o l e r a e  serum,*  and t h e s e  were 
c l a s s i f i e d  a s  " V. c h o l e r a e . "
I t  has  been  s u g g e s t e d  t h a t  a g g l u t i n a b i l i t y  o f  a  c h o l e r a  
v i b r i o  by  an  a n t i - c h o l e r a  serum may n o t  be a  c o n s t a n t  
c h a r a c t e r .  Thus, i t  was shown by C r e n d i r o p o u l o  how 
a g g l u t i n a b l e  v i b r i o s  i n  th e  f a e c e s  m ig h t  be s u c c e e d e d  a f t e r  a  
time by i n a g g l u t i n a b l e  o rg an ism s  i n  t h e  b i l e .  G r e ig  has  a l s o  
d e m o n s t r a t e d  how a  n o n - a g g l u t i n a b l e  v i b r i o  i s o l a t e d  from 
w a t e r ,  a f t e r  i n o c u l a t i o n  i n t o  an  e x p e r i m e n t a l  a n im a l  and
* These s t r a i n s  were s u b m i t t e d  to  me f o r  i n v e s t i g a t i o n  from t i e  
P i e l d  L a b o r a t o r i e s .
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su b s e q u e n t  i s o l a t i o n  f rom  th e  b i l e  t e n d e d  to  a l t e r  i t s  
m o r p h o lo g i c a l  an d  s e r o l o g i c a l  c h a r a c t e r s  so t h a t  i t  r e s e m b le d  
more c l o s e l y  the  s t a n d a r d  V. c h o l e r a e .
While  s t r a i n s  o f  V. c h o l e r a e  may be met  w i t h  w h ic h  i n  
p r im a r y  c u l t u r e  f a i l  to  a g g l u t i n a t e  w i t h  a  s p e c i f i c  a n t i s e r u m  - 
a s  i n  the  case  of  B. t y p h o s u s ,  B. d y s e n t e r i a e , e t c . ,  -  t h e r e  
can be l i t t l e  doubt t h a t  the  a g g l u t i n a t i o n  t e s t  w i t h  a  
V. c h o l e r a e  serum i s  g e n e r a l l y  a  s u i t a b l e  means of  
d i f f e r e n t i a t i n g  t h e  c h o l e r a  group from o t h e r  v i b r i o s  (v.  a l s o  
Chalmers  an d  W a t e r f i e l d ) . Moreover ,  th e  f a c t  t h a t  a n t i s e r a  to  
s t r a i n s  G. and  L . , w h i le  s t r o n g l y  a g g l u t i n a t i n g  th e  homologous 
s t r a i n s ,  had no e f f e c t  on a  t y p i c a l  V. c h o l e r a e  (w h ich  
r e a c t e d  to  an a n t i c h o l e r a  serum) was c o n c l u s i v e  p r o o f  t h a t  
t h e s e  v i b r i o  s t r a i n s  were s p e c i f i c a l l y  d i f f e r e n t  f rom th e  
V. c h o l e r a e .
As r e g a r d s  the  g e n e r a l  c l a s s i f i c a t i o n  o f  v i b r i o s ,  Chalmers  
and  W a t e r f i e l d  have r e c o g n i s e d  th e  f o l l o w i n g  g r o u p s : - 
( l )  A l b e n s i s  (2) C h o le r a  (3) M e tsc h n ik o v i  (4) Gindha 
(5) P i n k l e r  a n d  P r i o r  (6) L re n n a n i  (7) T e r r i g e n u s .
The " Gindha " g roup  was d e f i n e d  a s  f o l l o w s :  " v i b r i o s ,  
m o t i l e ,  a e r o b i c ,  n o n - p h o s p h o r e s c e n t , g ro w ing  i n  and  l i q u e f y i n g  
g e l a t i n ,  n o t  p r o d u c in g  p igm ent  i n  p e p to n e ,  n o t  a g g l u t i n a t e d  by 
t r u e  c h o l e r a  immune serum i n  1 :200  o r  g r e a t e r  d i l u t i o n s ,  w i t h  
g ro w th s  i n  g e l a t i n  s t a b s  r e s e m b l in g  th o se  o f  V. c h o l e r a e ,  and
n o t  c a u s i n g  d e a t h  i n  24 ho u rs  i n  p i g e o n s  when i n j e c t e d  i n t o  
the  p e c t o r a l  m u sc le s  i n  sm a l l  q u a n t i t i e s . "
Chalm ers  and  W a t e r f i e l d  d e s c r i b e d  a  v i b r i o  s t r a i n  o f  t h i s  
type  c a u s a l l y  a s s o c i a t e d  w i t h  a  c ase  o f  p a r a c h o l e r a  a t  P o r t  
Sudan i n  December 1915, an d  i d e n t i f i e d  i t  w i t h  th e  V. Gindha 
( P f e i f f e r )  w h ich  was o r i g i n a l l y  fo u n d  i n  th e  w a t e r  o f  a  w e l l  
a t  Gindha ( i n  E r y t h r e a )  a f t e r  an e p id e m ic  o f  " c h o l e r a . "  
Chalmers  and  W a t e r f i e l d  a l s o  c l a s s i f i e d  th e  v a r i o u s  v i b r i o  
s p e c i e s  w h ich  t h e y  r e c o g n i s e d  a s  b e l o n g i n g  t o  the  V. Gindha 
g ro u p .  These i n c l u d e d  among o t h e r  s p e c i e s  th e  V. Gindha and 
th e  V. K e g a l l e n s i s .  The l a t t e r  was d e s c r i b e d  by  C a s t e l l a n i  
a s  a  p a r a c h o l e r a  v i b r i o  and  was fou n d  by him t o  be a s s o c i a t e d  
w i t h  a  c h o l e r a - l i k e  d i s e a s e  i n  Ceylon,* N o n - c h o le r a  v i b r i o s  
h a v e , a l s o  been  d e s c r i b e d  from time t o  time i n  c h o l e r a i c  and  
d i a r r h o e a l  c a s e s  by d i f f e r e n t  w o r k e r s ;  G r e ig  o b s e rv e d  
n o n - c h o l e r a  v i b r i o s  i n  c a s e s  o f  " c h o l e r a  " b u t  a s  he f a i l e d  
to  o b t a i n  any a g g l u t i n a t i o n  r e a c t i o n  by th e  p a t i e n t s '  serum 
to  t h e s e  s t r a i n s  and  a s  t h e y  were a l s o  n o t e d  a s  c o n c o m i t a n t s  
o f  t h e  V. c h o l e r a e ,  he a p p a r e n t l y  d isregarded  them a s  
c h o l e r a g e n i c  o rg an ism s .
I t  i s  s i g n i f i c a n t  t h a t  a  human e x p e r im e n t  w i t h  th e  
o r i g i n a l  V. Gindha r e s u l t e d  i n  a  s e v e r e  c h o l e r a - l i k e  i l l n e s s  
(v .  Mace) .
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The V. Gindha was d i f f e r e n t i a t e d  from the  .o ther  members 
o f  the  group  a c c o r d i n g  t o  Chalmers  by  ( l )  the  power o f  
r e d u c i n g  n i t r a t e s  and fo rm in g  i n d o l  - on w h ich  the c h o l e r a - r e d  
r e a c t i o n  depen d s ;  (2) th e  r a p i d  l i q u e f a c t i o n  of  s o l i d i f i e d  
b l o o d  serum. I n  the  c a se  of th e  V. K e g a l l e n s i s  th e  c h o l e r a -  
r e d  r e a c t i o n  was a b s e n t .  A c c o rd in g  to  t h e s e  c r i t e r i a  the  
" p a r a c h o l e r a  " s t r a i n s  d e s c r i b e d  above would c o r r e s p o n d  t o  
the  V. G in d h a ; on a l k a l i n e  p o t a t o  medium, however,  th ey  
p ro d u c e d  a c h a r a c t e r i s t i c  p i n k i s h  g ro w th  w h i le  th e  c l a s s i c a l  
V. Gindha a s  d e s c r i b e d  d e v e lo p s  a  " m a iz e - y e l lo w  " g ro w th .  I t  
i s  to  be n o t e d ,  however ,  t h a t  the  type  o f  g ro w th  on p o t a t o  i s  
somewhat v a r i a b l e ;  i t  i s  u n c e r t a i n  t h e r e f o r e  i f  t h i s  can be 
r e g a r d e d  a s  a  d i f f e r e n t i a l  c r i t e r i o n ,  i ' u r t h e r  r e f e r e n c e  i s  
made l a t e r  to  the  s e r o l o g i c a l  i d e n t i t y  o f  Chalmers  and  
W a t e r f i e l d ' s  s t r a i n *  The c h o l e r a  r e d  r e a c t i o n  d i f f e r e n t i a t e d  
them from th e  V. K e g a l l e n s i s .
I t  a p p e a r s  d o u b t f u l  i f  t h i s  sys tem  o f  c l a s s i f i c a t i o n  i s  
s u f f i c i e n t l y  com ple te  f o r  the  i d e n t i f i c a t i o n  of  th e  p a r a c h o l e r a  
v i b r i o s .  Thus o f  the  s i x  s t r a i n s  i s o l a t e d  f rom  t h e s e  c h o l e r a i c  
c a s e s  r e f e r r e d  to  above,  i t  has  b e en  shown t h a t  f o u r  were 
s p e c i f i c a l l y  d i f f e r e n t  from th e  o t h e r  two, t h o u g h  a l l  p r e s e n t e d  
s i m i l a r  c u l t u r a l  c h a r a c t e r s .  T h is  g r o u p . t h e r e f o r e  c o m p r i s e s  
d i f f e r e n t  s e r o l o g i c a l  t y p e s  ( a s  w i l l  be shown more f u l l y  l a t e r )  
and  any sy s te m  o f  c l a s s i f i c a t i o n  must  be b a s e d  b o t h  on 
c u l t u r a l  c h a r a c t e r s  and a l s o  s p e c i f i c  serum r e a c t i o n s .
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The e v id e n c e  was s t r o n g l y  i n  f a v o u r  o f  t h e s e  s t r a i n s  
b e in g  c a u s a l l y  r e l a t e d  t o  th e  c h o l e r a i c  d i s e a s e  w i t h  w h ic h  
t h e y  were a s s o c i a t e d ,  a n d  th e y  have t h e r e f o r e  b e e n  c l a s s i f i e d  
a s  p a r a c h o l e r a  v i b r i o s ,  i o r  f u r t h e r  r e f e r e n c e ,  the  two t y p e s  
r e p r e s e n t e d  r e s p e c t i v e l y  by s t r a i n s  G. and  L. have been  
d e s i g n a t e d  V. p a r a c h o l e r a e  A. and  B.
FURTHER INVESTIGATIONS.
A few days p r i o r  t o  the  o c c u r r e n c e  o f  t h e s e  c h o l e r a i c  
c a s e s  a  number of  p a t i e n t s  i n  t h e  c o n v a l e s c e n t  h o s p i t a l  had 
s u f f e r e d  from an a c u t e  d i a r r h o e a l  a t t a c k  b u t  a s  th e  c o n d i t i o n  
p r o v e d  t r a n s i t o r y  no b a c t e r i o l o g i c a l  i n v e s t i g a t i o n  had b een  
r e q u e s t e d .
At t h a t  t ime a l s o  a  c o n s i d e r a b l e  p r o p o r t i o n  of  th e  
p a t i e n t s  were c o n v a l e s c e n t s  f rom t h e  Mesopotamia E x p e d i t i o n a r y  
F o rc e  i n c l u d i n g  men who had s u f f e r e d  f rom  a  c h o l e r a i c  i l l n e s s .
I t  was t h e r e f o r e  d e c id e d  to  c a r r y  ou t  a  s y s t e m a t i c  
e x a m in a t io n  of a l l  t h e  p a t i e n t s  i n  th e  h o s p i t a l  ( a b o u t  900) 
w i t h  a  view to  a s c e r t a i n i n g  i f  any  were v i b r i o  c a r r i e r s .
The f a e c e s  of  e a c h  p a t i e n t  was examined on two o c c a s i o n s  
by the  t e c h n iq u e  d e s c r i b e d  l a t e r  (p.A%) a n d  th e  i n v e s t i g a t i o n  
l e d  t o  the  d e m o n s t r a t io n  of v i b r i o  c a r r i e r s  among ( l )  c h o l e r a  
c o n v a l e s c e n t s ;  (2) men who had s u f f e r e d  a  few days  p r e v i o u s l y  
f rom  a c u t e  d i a r r h o e a  c o n t r a c t e d  i n  the  h o s p i t a l  ( a l r e a d y
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r e f e r r e d  to )  ; (3) c a s e s  w i t h  a  h i s t o r y  o f  " d i a r r h o e a l  " or  
" d y s e n t e r i c  " a t t a c k s  i n  Mesopotamia o r  Egypt  ( S i n a i  
P e n i n s u l a )  ; (4) men who p r e s e n t e d  no h i s t o r y  o f  p r e v i o u s  
i n t e s t i n a l  i l l n e s s  ( i n c l u d i n g  b o t h  c o n v a l e s c e n t s  f rom  the  
M esopo tam ia  and  E g y p t i a n  F o r c e s )  . There  had been  of  c o u rs e  
f r e e  " c o n t a c t  " among the  p a t i e n t s  i n  th e  h o s p i t a l .
The s y s t e m a t i c  e x a m in a t io n  * r e v e a l e d  the  p r e s e n c e  o f  
v i b r i o s  i n  th e  f a e c e s  o f  34 c a s e s .
None of t h e s e  s t r a i n s  c o r r e s p o n d e d  s e r o l o g i c a l l y  w i t h  
the  V, c h o l e r a e  and  i n  t h e i r  g e n e r a l  c u l t u r a l  c h a r a c t e r s  and  
b i o c h e m i c a l  r e a c t i o n s  were i d e n t i c a l  w i t h  the  s t r a i n s  
- d e s c r i b e d  i n  th e  p a r a c h o l e r a  c a s e s .  The o n ly  v a r i a t i o n  n o t e d  
w a s  i n  the  c a s e  of  l a c t o s e  f e r m e n t a t i o n ;  c e r t a i n  s t r a i n s  
d e v e lo p e d  a c i d  from l a c t o s e  a f t e r  7-10 d a y s ;  most  o f  the  
s t r a i n s ,  however, f a i l e d  t o  f e r m e n t  l a c t o s e .
T h e i r  p a t h o g e n i c  e f f e c t s  on l a b o r a t o r y  a n im a l s  were a l s o  
I d e n t i c a l  w i t h  those  of th e  o r i g i n a l  s t r a i n s  d e s c r i b e d  above* 
T h e i r  s e r o l o g i c a l  c h a r a c t e r s  were  s t u d i e d  a n d  i t  was 
fo u n d  t h a t  on ly  a  s m a l l  p r o p o r t i o n  of  the  s t r a i n s  c o r r e s p o n d e d  
s e r o l o g i c a l l y  w i t h  the  A an d  B t y p e s  fo u n d  i n  the  p a r a c h o l e r a  
c a s e s  and  among the  r e m a in d e r  i t  was p o s s i b l e  t o  d i f f e r e n t i a t e  
8 a d d i t i o n a l  s e r o l o g i c a l  ty p e s
* I n  the  p r e l i m i n a r y  work o f  d e t e c t i n g  the  v i b r i o s  i n  p r i m a r y  
c u l t u r e ,  I  was a s s i s t e d  by C a p ta in s  S t o r e r  and h i r s t ;  the  
i s o l a t i o n  a n d  d e t a i l e d  s tu d y  of  t h e s e  o rg an ism s  v/as c a r r i e d  
ou t  by m y s e l f .
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T h is  d i f f e r e n t i a t i o n  was w e l l  marked,  i . e .  the  a n t i s e r u m  
t o  one type  a g g l u t i n a t e d  o rgan ism s  o f  th e  same type  i n  h i g h  
t i t r e s  ( t h e  e n d - t i t r e  c o r r e s p o n d i n g  t o  t h a t  f o r  th e  s t r a i n  
u se d  f o r  im m uniza t ion )  and  had no e f f e c t  on s t r a i n s  o f  o t h e r  
t y p e s  even  i n  low t i t r e s ;  t h e  s e r o l o g i c a l  d i s t i n c t i o n  was 
t h u s  s i m i l a r  t o  t h a t  d e s c r i b e d  be tw een  the  A and  B t y p e s .
Among the  c a s e s  f rom w hich  t h e s e  v i b r i o  s t r a i n s  were 
i s o l a t e d ,  10 were fo u n d  to  have s u f f e r e d  from a c u t e  d i a r r h o e a  
a  few days b e f o r e  th e  p a r a c h o l e r a  o u t b r e a k .
The s t r a i n s  from th e s e  10 c a s e s  r e p r e s e n t e d  ty p e s  
s e r o l o g i c a l l y  d i f f e r e n t  from A a n d  B; 4 c o r r e s p o n d e d  t o  one 
s e r o l o g i c a l  type  and  6 to  a n o t h e r ,  c l a s s i f i e d  r e s p e c t i v e l y  a s  
C and  D.
Among the r e m a in in g  24 s t r a i n s ,  t y p e s  A, B, C a n d  D 
were a l l  r e p r e s e n t e d  and a l s o  s i x  o t h e r  s e r o l o g i c a l  t y p e s  
d e s i g n a t e d  E, i  , G, H, I  and  J .  4 s t r a i n s  r e s p e c t i v e l y  o f  
t y p e s  A, E,  G and H were fo u n d  i n  " c h o l e r a  " c o n v a l e s c e n t s .  
The c a s e s  f rom w h ich  th e  o t h e r  s t r a i n s  were i s o l a t e d  gave no 
h i s t o r y  o f  a  c h o l e r a i c  i l l n e s s  b u t  i n c l u d e d  men who had 
s u f f e r e d  from " d i a r r h o e a l  " o r  " d y s e n t e r i c  " a t t a c k s  i n  
Mesopotamia  and  a l s o  c a s e s  f rom t h e  E g y p t i a n  E x p e d i t i o n a r y  
F o rce  p r e s e n t i n g  a  s i m i l a r  h i s t o r y .  I n  o t h e r s  a g a i n  no 
h i s t o r y  o f  i n t e s t i n a l  i l l n e s s  was o b t a i n a b l e .
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Of c o u r s e ,  any o f  t h e s e  c a s e s  m ig h t  have b e en  i n f e c t e d  by 
c o n t a c t  i n  the  h o s p i t a l  a n d  i t  i s  w e l l  known how, d u r i n g  an 
a c t u a l  c h o l e r a  e p id e m ic ,  c o n t a c t s  may be i n f e c t e d  and  become 
c a r r i e r s  w i t h o u t  s u f f e r i n g  f rom  t h e  d i s e a s e .
Thus the  f i n d i n g s  may be summarized a s  f o l l o w s * : -
P a r a c h o l e r a  c a s e s  from 
w h ich  v i b r i o s  were i s o l a t e d
C ases  c o n v a l e s c e n t  from 
a c u t e  d i a r r h o e a  
( c o n t r a c t e d  i n  h o s p i t a l )  i n  
w h ich  v i b r i o s  were fo u n d
Cases  f r e e  from d i a r r h o e a  
o r  o t h e r  i n t e s t i n a l  i l l n e s s  
(w h i le  i n  h o s p i t a l )  i n  
w h ich  v i b r i o s  were found  
i . e .  h e a l t h y  c a r r i e r s
(4 o f  ty p e  A 
* ® " ( 2  " B.
(4 of  type  C
■ ' ( 6  " D.
(
( t h e  24 s t r a i n s  
( r e p r e s e n t e d  10 
_ ( d i f f e r e n t  s e r o -  
, l o g i c a l  t y p e s  
(A, B, C, D, E, 
(F, G, H, I ,  J .
The q u e s t i o n  a l s o  a r o s e  a t  t h a t  t ime a s  to  th e  o c c u r r e n c e  
of  v i b r i o s  o f  th e  same type  i n  the  n a t i v e  E g y p t i a n ;  spec im ens  
o f  f a e c e s  f rom 100 h e a l th y  n a t i v e s  i n  the  S t a t e  p r i s o n  a t  
A l e x a n d r i a  were examined w i t h  n e g a t i v e  r e s u l t  i n  a l l  c a s e s ;  
the  n a t i v e  s t a f f  a t  the c o n v a l e s c e n t  h o s p i t a l  were a l s o  
exam ined  on two o c c a s i o n s  b u t  no c a r r i e r s  were d e t e c t e d .  I t  
was known o f  co u rse  t h a t  n o n - c h o l e r a  v i b r i o s  had been  
f r e q u e n t l y  met w i t h  i n  p i l g r i m s  f rom  Mecca a t  the  q u a r a n t i n e  
s t a t i o n s  o f  the  I n t e r n a t i o n a l  Q u a r a n t in e  B oard .
* I t  i s  im p o s s ib l e  t o  g ive  f u l l e r  d e t a i l s  a s  the  l a b o r a t o r y  
r e c o r d s  were l o s t  a t  s e a  due t o  the  s i n k i n g  by subm arine  a c t i o n  
o f  th e  t r a n s p o r t  on w h ich  I was t r a v e l l i n g  from Egypt  in  1918 .
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C h o l e r a i c  d i s e a s e  had a p p a r e n t l y  been  p r e v a l e n t  i n  
Mesopotamia and  a s  c e r t a i n  c a r r i e r s  of the  d i f f e r e n t  t y p e s  
p r e s e n t e d  a  h i s t o r y  o f  " c h o l e r a  •' o r  " d i a r r h o e a  " in  
Mesopotamia  d u r in g  the  p r e v i o u s  t h r e e  months ,  i t  was presum ed  
t h a t  th e s e  o rgan ism s  m ig h t  be o f  Mesopotamian o r i g i n .
Some of  t h e  c a r r i e r s  were i n v e s t i g a t e d  a t  i n t e r v a l s ;  i n  
c e r t a i n  c a s e s ,  v i b r i o s  were f o u n d  i n  the  f a e c e s  over  a  p e r i o d  
of  one month; i n  o t h e r  c a s e s  t h e y  a p p a r e n t l y  d i s a p p e a r e d  
- r a p i d l y  from th e  s t o o l .
Among th e  c a r r i e r s  were men who had s u f f e r e d  from 
" d i a r r h o e a l  ** or  " d y s e n t e r i c  " i l l n e s s e s  i n  E g y p t ;  a  few 
u ro n th s  p r e v i o u s l y  a  l i m i t e d  c h o l e r a  ep idem ic  had  o c c u r r e d  i n  
t h e  E g y p t i a n  E x p e d i t i o n a r y  F o rc e  b u t  i t  was known t h a t  the  ■ 
c a u s a t i v e  o rgan ism  i n  t h i s  case  c o r r e s p o n d e d  t o  th e  c l a s s i c a l  
V. c h o l e r a e *  and  none of th e  p a t i e n t s  i n  the  h o s p i t a l  had 
b een  i n  the  p a r t i c u l a r  a r e a  i n  w h ich  c h o l e r a  o c c u r r e d  or  had 
b een  i n  c o n t a c t  w i t h  men o f  the  p a r t i c u l a r  m i l i t a r y  u n i t s  
n a f f e c t e d .  At t h a t  t ime no “n o n - c h o l e r a  v i b r i o s ’̂ had been .  
I s o l a t e d  from d i a r r h o e a l  c a s e s  i n  any o f  the  m i l i t a r y  
^ l a b o r a t o r i e s  of  the  Force  b u t  l i n t i l  two months p r i o r  to  t h i s  
t h e r e  were no f a c i l i t i e s  f o r  l a b o r a t o r y  e x a m in a t io n  i n  the  
f i e l d .  I t  was o n ly  a t  the  Base t h a t  d e t a i l e d  e x a m in a t io n s  
c o u l d  be c a r r i e d  o u t .
I  had the  o p p o r t u n i t y  o f  s t u d y i n g  c e r t a i n  of  th e  s t r a i n s
24 .
I t  was assumed from t b s  e v id e n c e  a v a i l a b l e ,  t h a t  v i b r i o s  
o f  the  ty p e  d e s c r i b e d  were r e s p o n s i b l e  f o r  an  i n t e s t i n a l  
c o n d i t i o n ,  v a r y i n g  from a  s im p le  d i a r r h o e a  t o  an  a c u t e  i l l n e s s  
c l i n i c a l l y  i n d i s t i n g u i s h a b l e  from A s i a t i c  c h o l e r a ;  t h a t  t h e s e  
o rg an ism s  r e p r e s e n t e d  a  group  n o t  s e r o l o g i c a l l y  homogeneous 
b u t  i n c l u d i n g  d i f f e r e n t  s e r o l o g i c a l  t y p e s ;  t h a t  t h e y  w e re ,  
l i k e  V. c h o l e r a e ,  a p p a r e n t l y  o f  A s i a t i c  o r i g i n .
D u r in g  1917, I  had a  f u r t h e r  o p p o r t u n i t y  o f  i n v e s t i g a t i n g  
a n o t h e r  s e r i e s  of  17 v i b r i o  s t r a i n s  a l l  p r e s e n t i n g  the  same 
g e n e r a l  c h a r a c t e r s  a s  th o se  o r i g i n a l l y  i n v e s t i g a t e d ;  w i t h  one 
e x c e p t i o n ,  t h e s e  were i s o l a t e d  i n  th e  f i e l d  l a b o r a t o r i e s  f rom 
s p o r a d i c  c a s e s  o f  a c u t e  c h o l e r a i c  d i a r r h o e a ,  some o f  w h ic h  
s i m u l a t e d  c l i n i c a l l y  t r u e  c h o l e r a .  At t h a t  t im e  th e  F o rce  was 
o p e r a t i n g  i n  P a l e s t i n e .  The c u l t u r e s  were s u b m i t t e d  t o  me 
f o r  i n v e s t i g a t i o n  by  o f f i c e r s  i n  c h a rg e  o f  F i e l d  L a b o r a t o r i e s .
Two o f  t h e s e  s t r a i n s  c o r r e s p o n d e d  t o  the  A type  and  3 to
B.
Two s t r a i n s  were fo u n d  to  b e l o n g  to  a n o t h e r  s e r o l o g i c a l  
type  d i f f e r e n t  from the  s e r i e s  A t o  J  an d  t h e r e f o r e  d e s i g n a t e d  
K. A c u l t u r e  o f  the  V. Gindha type  i s o l a t e d  by  Chalmers  and  
W a t e r f i e l d  was o b t a i n e d  from Dr.  Chalm ers  a t  Khartum a n d  i t  
was fo u nd  to  b e lo n g  to  t h i s  s e r o l o g i c a l  ty pe  (K ) .
Two s t r a i n s  s u b m i t t e d  f o r  i n v e s t i g a t i o n  from one o f  the  
f i e l d  l a b o r a t o r i e s  were a l s o  found  t o  r e p r e s e n t  a  f u r t h e r  
s e r o l o g i c a l  t y p e ,  d e s i g n a t e d  L.
26 .
A f a t a l  c a se  of c h o l e r a i c  typ e  s i m i l a r  c l i n i c a l l y  t o  t h a t  
o f  P t e .  G. (v .  sup ra )  o c c u r r e d  i n  an  o f f i c e r  a  few days a f t e r  
h i s  a r r i v a l  i n  A l e x a n d r i a *  from E n g la n d ;  v i b r i o s  were p r e s e n t  
i n  l a r g e  numbers in  the  s t o o l s  a n d  on i s o l a t i o n  o f  the  s t r a i n ,  
i t  was fo u nd  t o  be s i m i l a r  i n  c u l t u r a l  c h a r a c t e r s  to  the  
o t h e r  v i b r i o s  b u t  p ro v ed  on s e r o l o g i c a l  i n v e s t i g a t i o n  t o  b e l o n g  
to  a  d i f f e r e n t  type  ( d e s i g n a t e d  M.)
7 o t h e r  s t r a i n s  were i n v e s t i g a t e d ;  none o f  them 
a g g l u t i n a t e d  even i n  low t i t r e s  w i t h  a n t i s e r a  to  t y p e s  A - M, 
and a n t i s e r a  p r e p a r e d  by immunizing  r a b b i t s  w i t h  t h e s e  s t r a i n s  
a g g l u t i n a t e d  o n ly  the  c o r r e s p o n d i n g  s t r a i n ,  i . e .  th e  
p a r t i c u l a r  s t r a i n  u se d  f o r  im m u n iza t io n .
The q u e s t i o n  a r o s e  a s  to  w h e th e r  t h i s  group  o f  v i b r i o s  
was a n a lo g o u s  i n  s e r o l o g i c a l  r e a c t i o n s  t o  t h e  B. c o l i  g roup  
(v .  p a r t  1) i n  w h ich  a g g l u t i n a t i n g  a n t i s e r a  a r e  s p e c i f i c  f o r  
the  i n d i v i d u a l  s t r a i n .  S t r a i n s  o f  t y p e s  A and  B were 
i s o l a t e d ,  however, i n  d i f f e r e n t  p l a c e s  and  a t  i n t e r v a l s  o f  
6 m on ths .  L t .  C o lo ne l  Ledingham, C o n s u l t i n g  B a c t e r i o l o g i s t  
o f  the  Mesopotamia E x p e d i t i o n a r y  Fo rce  a l s o  in fo rm e d  me t h a t  
he had  i s o l a t e d  a  s t r a i n  i n  Mesopotamia (1917) c o r r e s p o n d i n g  
t o  the  B type  ( i d e n t i f i e d  by an a g g l u t i n a t i n g  a n t i s e r u m  
s u p p l i e d  to  him by  me). Moreover ,  th e  " V. Gindha ** of  
Chalm ers  and W a t e r f i e l d  i s o l a t e d  a t  P o r t  Sudan was f o u n d  to  
be s e r o l o g i c a l l y  i d e n t i c a l  w i t h  2 s t r a i n s  i s o l a t e d  i n  1917 
i n  P a l e s t i n e  (v .  s u p r a ) .
* At a  Base Depot Camp.
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Though c e r t a i n  o f  t h e  s e r o l o g i c a l  t y p e s ,  i n  t h e  s e r i e s  o f  
s t r a i n s  i n v e s t i g a t e d  were r e p r e s e n t e d  by  o n ly  one s t r a i n ,  
o t h e r  s e r o l o g i c a l  su bg ro u ps  i n c l u d e d  a  number o f  s t r a i n s ,  e . g .  
A, B, e t c .
Among the  57 s t r a i n s  s t u d i e d ,  20 d i f f e r e n t  s e r o l o g i c a l  
t y p e s  were r e c o g n i s e d .
CONCLUSIONS.
B e s i d e s  th e  t y p i c a l  e p id e m ic  A s i a t i c  c h o l e r a  due t o  th e  
V. c h o l e r a e ,  c h o l e r a i c  a n d  d i a r r h o e a l  c o n d i t i o n s  may be due 
t o  a  group  o f  v i b f i o s  of  t h e  type  d e s c r i b e d ,  c o n v e n i e n t l y  
c l a s s i f i e d  a s  V. p a r a c h o l e r a e .
These o rgan ism s  c l o s e l y  re sem b le  V. c h o l e r a e  i n  
m o r p h o l o g i c a l ,  c u l t u r a l ,  and  b i o c h e m i c a l  c h a r a c t e r s  an d  a s  
r e g a r d s  the  e f f e c t s  of e x p e r i m e n t a l  i n o c u l a t i o n  i n  a n im a l s  
b u t  a r e  e a s i l y  d i s t i n g u i s h e d  by s e r o l o g i c a l  t e s t s .
The p a r a c h o l e r a  group i s  n o t  s e r o l o g i c a l l y  homogeneous 
b u t  r e p r e s e n t s  a  c o n s i d e r a b l e  number o f  s e r o l o g i c a l  t y p e s  
p r e c i s e l y  d i f f e r e n t i a t e d  by a g g l u t i n a t i o n  r e a c t i o n s .
I n  g e n e r a l  p a r a c h o l e r a  c a s e s  a r e  o f  l e s s  s e v e r i t y  t h a n  
t y p i c a l  c h o l e r a  b u t  on the  o t h e r  hand i n  c e r t a i n  i n s t a n c e s  
may c l o s e l y  s i m u la t e  t r u e  c h o l e r a .
F a t a l  c a s e s  a r e  uncommon; of  th o se  known t o  me o n ly  2 
p r o v e d  f a t a l  (due t o  t y p e s  K arid M).
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The d i a r r h o e a l  and c h o l e r a i c  c a s e s  w i t h  w h ic h  t h e s e  
o rg an ism s  a r e  a s s o c i a t e d  a r e  e i t h e r  s p o r a d i c  o r  occu r  i n  th e '  
i'orai '.I sm.il 1 l o c a l i z e d  o u t b r e a k s .
These o rg an ism s  a r e  JLlke V. c h o l e r a e  t r a n s m i t t e d  by 
h a r r i e r s  a n d  a r e  p r o b a b l y  o f  A s i a t i c  o r i g i n .
I n d i v i d u a l s  may be i n f e c t e d  w i t h o u t  c o n t r a c t i n g  any 
i n t e s t i n a l  i l l n e s s  a n d  become c a r r i e r s .
■ ■ ’1
A HOTE ON THE METHODS ADOPTED FOR THE ISOLATION 
AHD_SERQLQGICAL IDENTIFICATION OF VIBRIOS.
In  s t u d y i n g  the  t e c h n iq u e  of i s o l a t i o n  o f  V. c h o l e r a e  
a n d  the p a r a c h o l e r a  v i b r i o s  f rom  f a e c e s ,  i t  was fo u n d  t h a t  
- s u c c e s s f u l  r e s u l t s  depended on the  c a r e f u l  o b se rv an c e  o f  
c e r t a i n  d e t a i l s .  The method a d o p te d  c o n s i s t e d  f i r s t  i n  
*' e n r i c h i n g  " the  v i b r i o  i n  a l k a l i n e  p e p to n e  w a t e r  - a  medium 
known to  be s p e c i a l l y  f a v o u r a b l e  t o  the  g ro w th  o f  t h e s e  
o rg a n i s m s  -  an d  th e n  s u b - i n o c u l a t i n g  on a  s e l e c t i v e  a l k a l i n e  
o o l i d  medium (Dieudonne ' s) .
1 .  A tube  of 10 c . c ,  p e p to n e  w a t e r  was i n o c u l a t e d  w i t h  a  
- f l a k e  of mucus or i n  the  case  o f  a  f l u i d  f a e c a l  s t o o l  w i t h  
a  l a r g e  l o o p f u l  o f  the  spec im en .  I n  ex am in in g  p o s s i b l e  
c a r r i e r s  the  s t o o l  i f  s o l i d  or s e m i s o l i d  was t h o r o u g h ly  
e m u l s i f i e d  i n  s t e r i l e  s a l t  s o l u t i o n  and  a  l a r g e  l o o p f u l  added  
t o  the  peptone ,  w a t e r .  The p e p to n e  w a t e r  u s e d  was 1^ pep to ne  
w i t h  0*5jo sodium c h l o r i d e  s t a n d a r d i z e d  so a s  to  be n e u t r a l
t o  p h e n o l - p h t h a l e i n ,  i . e .  d i s t i n c t l y  a l k a l i n e  t o  l i t m u s .
The tube  was i n c u b a t e d  a t  37® C. f o r  6 t o  8 h o u r s .
2.  A p l a t e  o f  D ie u d o n n e ' s  medium was a l s o  i n o c u l a t e d  
d i r e c t l y  f rom  the s t o o l  and i n c u b a t e d  f o r  12 -18  h o u r s .
D ie u d o n n e ' s  Medium: d e f i b r i n a t e d  o x ' s  o r  s h e e p ' s  b lo o d  
was mixed w i t h  an e q u a l  volume o f  normal  sodium h y drox ide  
s o l u t i o n  and s team ed  in  the  K o c h 's  s t e r i l i z e r  f o r  1 hour on
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3 s u c c e s s i v e  d a y s .  T h is  h l o o d - a l k a l i  m ix tu r e  was t h e n  add ed  
to  n e u t r a l  p ep ton e  a g a r  {Z% a g a r )  i n  the  p r o p o r t i o n  o f  3 
p a r t s  o f  th e  fo rm er  to  7 p a r t s  of th e  l a t t e r .  The medium was 
a g a i n  s team ed  f o r  1 ho u r .  I t  p r o v e d  e s s e n t i a l  t h a t  the  
medium s h o u ld  be t e s t e d  b e f o r e  use  by i n o c u l a t i n g  i t  w i t h  a  
s t r a i n  of  V. c h o le r a e  a s  when f r e s h l y  p r e p a r e d  i t  was o f t e n  
e x t r e m e l y  i n h i b i t o r y ,  due to  the  p r e s e n c e  o f  a  v o l a t i l e  
ammoniacal  s u b s ta n c e  in  th e  b l o o d - a l k a l i  m ix tu r e  w h ic h  c o u ld  
be removed by r e p e a t e d  h e a t i n g .  I f  fo u n d  i n h i b i t o r y  the  
medium was r e - s t e a m e d  an d  the  p l a t e s  were e x p o se d  t o  a i r  f o r  a  
s h o r t  time c o v e re d  by a  s h e e t  of s t e r i l e  p a p e r .
D ie u d o n n e ' s  medium p r o v e d  h i g h l y  s e l e c t i v e  f o r  v i b r i o s  
a n d  a lm o s t  c o m p le t e ly  i n h i b i t e d  the  g r o w th  o f  the  u s u a l  
c o n f o r m  b a c i l l i  o f  th e  f a e c e s .  The o n ly  o t h e r  i n t e s t i n a l  
o rg an ism s  fo u n d  to  be c a p a b le  o f  g rowing  w e l l  on t h i s  medium 
w ere :
C e r t a i n  B. f a e c a l i s  a l k a l i g e n e s  t y p e s ;
some e n t e r o c o c c u s  t y p e s ;
c e r t a i n  u n u su a l  t y p e s  o f  c o l i f o r m  b a c i l l i  o f  2
r a r e  o c c u r r e n c e .
Thus a  p r a c t i c a l l y  p u re  c u l t u r e  o f  a  c h o l e r a  o r  p a r a ­
c h o l e r a  v i b r i o  c o u ld  be o b t a i n e d  on t h i s  medium from a  
m ix tu r e  c o n t a i n i n g  o t h e r  i n t e s t i n a l  o rg a n i s m s .
;3U,
3. The p e p to n e - w a t e r  c u l t u r e  was exam ined  a f t e r  6 -8  h o u r s
by means of s t a i n e d  f i l m s  made from a  drop o f  the  s u r f a c e  l^ge-: 
of  t h e  c u l t u r e :  a  l a r g e  l o o p f u l  was p l a c e d  on a  s l i d e  and  
- s low ly  d r i e d  a t  room t e m p e r a t u r e ;  the  f i l m  w a s f i x e d  by  
:heat  and washed i n  a  s t r e a m  of  w a t e r  t o  remove the  d r i e d  
p e p to n e  p a r t i c l e s  w h ic h  s t a i n  d e e p ly  an d  o b sc u re  the  f i l m ;  
p r e p a r a t i o n  was t h e n  s t a i n e d  w i t h  d i l u t e  c a r b o l - f u c h s i n  f o r  1 
-m inu te  and examined m i c r o s c o p i c a l l y .  At the  same t ime a 
^hanging  drop p r e p a r a t i o n  was exam ined .  At the  edge of th e  
-drop v i b r i o s  were e a s i l y  d e t e c t e d  by t h e i r  c h a r a c t e r i s t i c  
irmorphology. and  " s c i n t i l l a t i n g  " or  d a r t i n g  t m o t i l i t y .
I n  g e n e r a l ,  however, th e  f u c h s i n - s t a i n e d  f i l m  c o u l d  be 
- r e l i e d  on a lo n e  f o r  th e  d e t e c t i o n  o f  v i b r i o s .
4 .  I f  v i b r i o s  were p r e s e n t  a  s u b i n o c u l a t i o n  was made on a  ' 
_Die u d o n n e ' s p l a t e .  I f  no v i b r i o s  were d e t e c t e d  a 
z s u b i n o c u l a t i o n  was made i n t o  a  seco nd  p e p to n e  w a t e r  tube  ;
t h i s  tube  was i n c u b a t e d  f o r  6 to  8 ho u rs  an d  a  f i l m  f rom  i t  
u ^ a s  t iB n  examined a s  i n  the  c a s e  o f  the  p r i m a r y  c u l t u r e ;  i f  
v i b r i o s  were p r e s e n t ,  a  Dieudonne p l a t e  was i n o c u l a t e d  from 
the  p e p to n e  c u l t u r e .  I f  no v i b r i o s  were d e t e c t a b l e  th e  
r e s u l t  was r e g a r d e d  a s  n e g a t i v e .
I f  v i b r i o s  were p r e s e n t  i n  l a r g e  numbers i n  th e  specimen 
of  f a e c e s ,  an abu n d an t  g ro w th  c o u l d  be o b t a i n e d  on th e  
Dieudonne p l a t e  i n o c u l a t e d  d i r e c t l y  f rom  the  sp ec im en .  As
è
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t h i s  g ro w th  was p r a c t i c a l l y  p u r e ,  a n  e m u l s io n  c o u l d  be 
p r e p a r e d  from i t  f o r  a g g l u t i n a t i o n  t e s t s  w i t h  an a n t i c h o l e r a  
serum so t h a t  w i t h i n  18 t o  24 h ou rs  i t  was p o s s i b l e  to
d e te rm in e  w h e th e r  the  c a u s a t i v e  v i b r i o  was V. c h o l e r a e  o r  a
" n o n - c h o l e r a  *♦ organism* I n  t h i s  way the  b a c t e r i o l o g i c a l
d i a g n o s i s  c o u l d  be e x p e d i t e d .
Where v i b r i o s  were r e l a t i v e l y  l e s s  numerous a n d  were 
n o t  c u l t u r e d  d i r e c t l y  on a  Dieudonne p l a t e ,  the  o rgan ism  
c o u ld  be i s o l a t e d  a f t e r  e n r i c h m e n t  i n  e i t h e r  one or  two 
p e p t o n e - w a t e r  c u l t u r e s .  .1
I n  two i n s t a n c e s  i t  was n o t e d  t h a t  t h o u g h  n e g a t i v e  
r e s u l t s  f o l l o w e d  the  p e p to n e - w a t e r  e n r i c h i n g  p r o c e s s ,  a  
.:growth was o b t a i n e d  on a  Dieudonne p l a t e  d i r e c t l y  i n o c u l a t e d  
f ro m  th e  f a e c e s .  I t  seemed t h e r e f o r e  a d v i s a b l e  to  c a r r y  o u t  
b o t h  p r o c e d u r e s  to  e n s u re  t h e  maximum s u c c e s s  i n  the  i s o l a t i o n  ■ 
of  t h e s e  v i b r i o s .  . y
A f i l m  made from the  g ro w th  on Dieudonne^ p l a t e s  
( i n o c u l a t e d  d i r e c t l y  o r  from p e p t o n e - w a t e r  c u l t u r e s )  u s u a l l y  
r e v e a l e d  a  pure  g ro w th  o f  v i b r i o s .  A
P u re  c u l t u r e s  on a g a r  s l o p e s  were o b t a i n e d  from i s o l a t e ^ ' / ; #  
c o l o n i e s ;  the  m o r p h o lo g ic a l ,  c u l t u r a l  a n d  b i o c h e m i c a l  
c h a r a c t e r s  of the  s t r a i n s  were t h e n  s t u d i e d  an d  a n im a l  
i n o c u l a t i o n  a n d  s e r o l o g i c a l  t e s t s  were c a r r i e d  ou t  a s  
i n d i c a t e d  above .
3 2  <
The t e c h n iq u e  of  a g g l u t i n a t i o n , a g g l u t i n i n  a b s o r p t i o n  
t e s t s  and  complement d e v i a t i o n  t e s t s  was t h a t  d e s c r i b e d  in  
P a r t  1 , p p .  .
P f e i f f e r ' s  r e a c t i o n : the  t e c h n iq u e  a d o p te d  was a s  f o l l o w s :  
4 l a r g e  l o o p f u l s  of a  24 h o u r s '  a g a r  s lo p e  c u l t u r e  were 
e m u l s i f i e d  i n  4 c . c .  of  normal  s a l i n e ;  to  2 c . c .  o f  t h i s  
e m u ls io n  0*002 c . c .  o f  the  a n t i c h o l e r a  serum was added  (A);
/
th e  r e m a in in g  2 c . c .  were r e t a i n e d  f o r  a  c o n t r o l  t e s t  (B) ; 4 
l o o p f u l s  of a  24 h o u r s '  a g a r  s lo p e  c u l t u r e  o f  a  known 
V. c h o l e r a e  s t r a i n  were e m u l s i f i e d  i n  4 c . c .  normal  s a l i n e  and  
t o  2 c . c .  0 '0 0 2  c . c .  of  th e  same serum was added  ( C ) , the  
r e m a in in g  2 c . c .  b e in g  r e t a i n e d  (D).
A, B, C a n d  D were i n j e c t e d  i n t o  the  p e r i t o n e a l  c a v i t i e s  
of sm a l l  g u i n e a - p i g s  o f  a p p r o x i m a t e ly  e q u a l  w e i g h t s ;  th e  
p e r i t o n e a l  f l u i d  o f  e a c h  an im al  was exam ined  a f t e r  i  hour  an d  
a l s o  a f t e r  2 h o u r s .  Specimens were most  e a s i l y  o b t a i n e d  by  
i n t r o d u c i n g  th e  n e e d le  of a 2 c . c .  s y r i n g e  i n t o  th e  p e r i t o n e u m  
and  draw ing  up a  sm a l l  q u a n t i t y  of  f l u i d  w i t h  th e  s y r i n g e .  A 
drop was t h e n  e j e c t e d  on to  a  c o v e r g l a s s  and  exam ined  a s  a  
h an g in g  drop p r e p a r a t i o n .
I f  th e  unknown v i b r i o  was V. c h o l e r a e  -  Animal i n j e c t e d  
w i t h  A: t b s  v i b r i o s  became immobile an d  g l o b u l a r  a n d  f i n a l l y  
became b roken  up and d i s a p p e a r e d  f rom the  f l u i d .  The a n im a l  
was a l s o  p r o t e c t e d  from the l e t h a l  e f f e c t  of the  o rg a n i s m ;
33 .
a n im a l  i n j e c t e d  w i t h  B: the  v i b r i o s  rem a in e d  a c t i v e l y  m o t i l e ,  
showed no b a c t e r i o l y s i s  and  th e  a n im a l  d i e d  u s u a l l y  w i t h i n  
24 ho u rs  ; -
a n im a l  i n j e c t e d  w i t h  C: th e  r e s u l t  was the  same a s  i n  the  
c a s e  o f  A;
a n im a l  D: the  r e s u l t  was th e  same a s  i n  th e  c a se  of  B. 
E x p e r im e n t s  C and D were i n c l u d e d  a s  c o n t r o l s .
In  the  c ase  o f  the  p a r a c h o l e r a  v i b r i o s  -  i n  e x p e r im e n t  A: 
th e  o rgan ism s  rem a ined  a c t i v e l y  m o t i l e  a f t e r  2 h o u r s  and  the  
a n im a l  d i e d  w i t h i n  24 h o u r s ;  w h i l e  i n  e x p e r im e n t  C 
b a c t e r i o l y s i s  and  p r o t e c t i v e  a c t i o n  o c c u r r e d .
;.:gi
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P A R T  4
THE ISOLATION. OF PARATYPHOID BACILLI FROM FAECES 
BY ENHICBiPNT WITH BRILL I  ANT-GREEN IN FLUID MEDIUM;
WITH
ADDITIONAL NOTES ON THE ISOLATION OF PARATYPHOID BACILLI 
FROM URINE AND THE RECOGNITION OF B. PARATYPHOSUS B 
COLONIES IN PLATE CULTURES.
1 .
 ̂ I n  1913 Browning,  Gilmour a n d  Mackie i n t r o d u c e d  a  method 
f o r  the  i s o l a t i o n  of  B. ty p h o su s  f rom  f a e c e s  by  e n r i c h m e n t  
o f  t h i s  o rgan ism  w i t h  b r i l l i a n t - g r e e n  i n  f l u i d  medium. I t  
was shown t h a t  th o se  ty p e s  o f  B. c o l i  w h ic h  a r e  commonly 
fo u n d  i n  f a e c e s ,  su b -g ro up  A (Mackie) - v id e  P a r t  I  -  a r e  
more s u s c e p t i b l e  to  th e  i n h i b i t o r y  e f f e c t  o f  b r i l l i a n t - g r e e n  
th a n  B* ty p h o su s  and  the  p a r a t y p h o i d  b a c i l l i ;  t h u s  i n  f l u i d  
medium c o n t a i n i n g  b r i l l i a n t - g r e e n ,  i n o c u l a t e d  f rom f a e c e s ,
B* ty p h o s u s  i f  p r e s e n t  i s  c a p a b le  o f  o u tg ro w in g  t h e  c o l i f o r m  
b a c i l l i .  I t  was r e c o g n i s e d ,  however,  t h a t  some c o n i f o r m  
t y p e s ,  l e s s  f r e q u e n t l y  met w i t h  i n  f a e c e s  were even  more 
r e s i s t a n t  t h a n  th e  t y p h o i d  b a c i l l u s ,  e . g .  c e r t a i n  s u b - g r o u p  B 
t y p e s  a n d  th e  i n o s i t e - f e r m e n t e r s  ( s u b - g r o u p  C) - v .  P a r t  I  
V. '
Browning, Gilmour a n d  Mackie c la im e d  f o r  the  m eth od  t h a t  
( l )  i t  r e n d e r e d  the  i s o l a t i o n  of  B. t y p h o s u s  a n d  B. p a r a -  
typ  ho su s  p o s s i b l e  when t h e s e  o rg an ism s  c o u ld  n o t  be d e t e c t e d  
on p l a t e s  i n o c u l a t e d  d i r e c t l y  from f a e c e s ,  a n d  (2) t h a t  
f r e q u e n t l y ,  when o n ly  s c a n t y  c o l o n i e s  o f  B. ty p h o su s  were 
p r e s e n t  i n  d i r e c t  c u l t u r e s ,  the  b r i l l i a n t - g r e e n  f l u i d  medium , 
y i e l d e d  an a lm o s t  p u re  g ro w th  o f  t h i s  o rgan ism ,  t h u s  
f a c i l i t a t i n g  i t s  d e t e c t i o n  an d  i s o l a t i o n .
Tbs f o l l o w i n g  a r e  t h e  d e t a i l s  o f  t h e  method o r i g i n a l l y  
a d v o c a t e d :  a  p e p t o n e - w a t e r  medium was p r e p a r e d  i n  th e  u s u a l  
way, c o n t a i n i n g  2% p e p to n e  ( W i t t e ' s )  a n d  0*5^ sodium c h l o r i d e ;
2.
5 c » c .  were d i s t r i b u t e d  i n  6 i n c h e s  by ■§ i n c h  t e s t  t u b e s  
p lu g g e d  w i t h  c o t to n - w o o l ,  and  s t e r i l i z e d  a t  120® C. f o r  15 
m in u te s  i n  the  a u t o c l a v e .  From a  s t o c k  1% s o l u t i o n  o f  
b r i l l i a n t - g r e e n  i n  d i s t i l l e d  w a t e r ,  a  1 : 1 0 , 0 0 0  d i l u t i o n  was 
made up by  a d d in g  0«1 c . c .  t o  9*9 c . c .  o f  d i s t i l l e d  w a t e r .
Of t h i s  d i l u t i o n  the  f o l l o w i n g  amounts  were  ad d ed  t o  t u b e s  o f  
th e  p e p t o n e - w a t e r ;
1 2 3 4 5 6
0 .0 4  0*08 0*12 0*16 '0*22 0*3 c . c .
A  l a r g e  l o o p f u l  o f  the  f a e c e s  (w h ich  was e m u l s i f i e d  i f  
n e c e s s a r y  i n  s t e r i l e  s a l t  s o l u t i o n )  was added  t o  e a c h  tu b e  an d  
t h o r o u g h l y  mixed w i t h  th e  medium. A f t e r  20 t o  24 h o u r s ’ 
i n c u b a t i o n  a t  37° C. s u b i n o c u l â t i o n s  were made f rom e a c h  tube  
on p l a t e s  of  MacConkey's  medium. These p l a t e s  were i n c u b a t e d  
f o r  a b o u t  24 h ours  and  t h e  r e s u l t i n g  g ro w th s  were exam ined  i n  
th e  u s u a l  way.
The b r i l l i a n t - g r e e n  e n r i c h m e n t  method has b een  a c c e p t e d  
by  v a r i o u s  w o rk e rs  a s  s u p e r i o r  to  t h e  o r d i n a r y  m ethods  of  
d i r e c t  p l a t i n g  on d i f f e r e n t i a l  s o l i d  media  and  has  b e en  most  
e x t e n s i v e l y  employed w i t h  g e n e r a l l y  f a v o u r a b l e  r e s u l t s  
(vo Browning,  A p p l i e d  B a c t e r i o l o g y ) .
I n  th e  o r i g i n a l  p a p e r s  by Browning,  Gilmour a n d  Mackie ,  
th e  u se  o f  v a r y i n g  c o n c e n t r a t i o n s  o f  b r i l l i a n t - g r e e n  was 
d e s c r i b e d  a s  an e s s e n t i a l  f e a t u r e  of th e  method owing t o  th e
v a r i a t i o n  i n  the  optimum amount f o r  o b t a i n i n g  th e  maximum 
g ro w th  of  tJTJhoid b a c i l l i  f rom d i f f e r e n t  spec im en s  o f  f a e c e s *  
The p r o c e d u r e  has been  a b b r e v i a t é d ,  however, by  c e r t a i n  
w o rk e r s  (v .  Browning) owing t o  th e  a d d i t i o n a l  time r e q u i r e d  
f o r  c a r r y i n g  ou t  t h e  e x te n d e d  method;  t h i s  m o d i f i c a t i o n  has  
g e n e r a l l y  c o n s i s t e d  Of l i m i t i n g  th e  i n o c u l a t i o n  t o  one tube  
c o n t a i n i n g  a  1 : 2 0 0 ,0 0 0  or  1 :2 5 0 ,0 0 0  c o n c e n t r a t i o n  o f  
b r i l l i a n t - g r e e n  ( i n  10 c . c .  o f  p e p to n e  w a t e r ) .
While  t h i s  p r o c e d u r e  has y i e l d e d  b e t t e r  r e s u l t s  th an  
th o s e  o b t a i n e d  by d i r e c t  p l a t i n g ,  i t  i s  open t o  f a l l a c y  a n d  
i f  the  maximum s u c c e s s  i s  t o  be o b t a i n e d ,  i t  i s  e s s e n t i a l  to  
use a  s e r i e s  o f  amounts o f  b r i l l i a n t - g r e e n  a s  i n  the  o r i g i n a l  
m ethod .  Moreover ,  where i t  i s  i m p o r t a n t  t h a t  the  most  
th o r o u g h  t e c h n iq u e  sh o u ld  be employed i n  the  i s o l a t i o n  o f  
t j p h o i d  a n d  p a r a t y p h o i d  b a c i l l i ,  no r e a s o n a b l e  a m p l i f i c a t i o n  
o f  an  i s o l a t i o n  method can be n e g l e c t e d ,  p r o v i d e d  t h a t  the  
e x t r a  t ime d e v o te d  t o  i t  i s  l i k e l y  t o  r e p a y  the  w orke r  by  h i s  
o b t a i n i n g  more s u c c e s s f u l  r e s u l t s *  Thus, a  f u r t h e r  
m o d i f i c a t i o n  of  th e  o r i g i n a l  method i n t e n d e d  to  o b v i a t e  the  
p o s s i b i l i t y  of  o v e rg ro w th  o f  B. t y p h o s u s  by  c e r t a i n  t y p e s  of  
B. c o l i  ( e . g .  sub -g roup  C) w h ich  a r e  more r e s i s t a n t  to  
b r i l l i a n t - g r e e n  than  the  t y p i c a l  c o l i f o r m  b a c i l l i ,  i . e .  th e  
use  of t e l l u r a t e  of  soda  (or t e l l u r i c  a c i d ] i n  c o n j u n c t i o n  w i t h  
b r i l l i a n t - g r e e n ,  was d e m o n s t r a t e d  by  Browning,  Mackie a n d
4 ,
S m i th  to  be a  f u r t h e r  advance  i n  the  s e l e c t i v e  e n r i c h m e n t  of  
B. ty p h o su s  i n  f l u i d  medium. TIb  im p o r tan c e  o f  t h i s  
m o d i f i c a t i o n  was f u r t h e r  e m p has ized  by  Browning a n d  T h o r n to n .
When b r i l l i a n t - g r e e n - r e s i s t a n t  c o l i f o r m  o rg an ism s  a r e  
p r e s e n t  i n  f a e c e s  c o n t a i n i n g  B. ty p h o s u s  o r  p a r a t y p h o i d  
b a c i l l i ,  t h e y  a re  o f  c ou rse  l i k e l y  to  overgrow the  1a f t e r  
o rg a n is m s  i n  c e r t a i n  c o n c e n t r a t i o n s  o f  b r i l l i a n t - g r e e n ,  b u t  
on the  o t h e r  hand i f  a  s e r i e s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  of  
the  dye a r e  i n o c u l a t e d ,  i t  may be fo u n d  t h a t  t h e r e  i s  an 
optimum c o n c e n t r a t i o n  i n  w h ich  th e  t y p h o i d - p a r a t y p h o i d  
o rg an ism  grows a b u n d a n t ly  a n d  th e  e n r i c h m e n t  o f  t h e  more 
r e s i s t a n t  c o l i f o r m  type o c c u r s  i n  h i g h e r  c o n c e n t r a t i o n s .
T h is  was n o t e d  by Browning, Mackie and  S m i th  a n d  i s  a l s o  w e l l  
e x e m p l i f i e d  i n  t a b l e  6 o f  t h i s  p a p e r  (v .  i n f r a )  . Thus,  i f  
v a r y i n g  c o n c e n t r a t i o n s  of  b r i l l i a n t - g r e e n  a r e  employed',  
r e l a t i v e  e n r i c h m e n t  o f  B. ty p h o su s  or B. p a r a t y p h o s u s  may 
occu r  i n  a  p a r t i c u l a r  c o n c e n t r a t i o n  even when r e s i s t a n t  
B. c o l i  s t r a i n s  a r e  p r e s e n t  i n  th e  f a e c e s .
Browning, Mackie and  S m i th  (1914) i n d i c a t e d  t h a t  th e  use  
of  t e l l u r a t e  was a p p l i c a b l e  o n ly  a s  r e g a r d s  the  i s o l a t i o n  o f  
B. ty p h o su s  and  B. p a r a t y p h o s u s  A, a n d  i t  was shown t h a t  
B. p a r a t y p h o s u s  B. and  B. G d e r tn e r  were l e s s  r e s i s t a n t  t h a n  
B. ty p h o su s  t o  t e l l u r a t e  by  i t s e l f . *
♦ I t  was fou n d  l a t e r  by  S m i th  t h a t  B. p a r a t y p h o s u s  B was more 
r e s i s t a n t  to  the  m ix tu re  of  b r i l l i a n t - g r e e n  a n d  t e l l u r i c  a c i d  
th a n  e i t h e r  B. ty p h o su s  or  B. p a r a t y p h o s u s  A. (v .  Browning,  
A p p l i e d  B a c t e r i o l o g y ,  p .  1 1 2 ) .  \
5.
I n  s e l e c t i n g  a  r o u t i n e  method,  t h e r e f o r e ,  f o r  the  
b a c t e r i o l o g i c a l  i n v e s t i g a t i o n  o f  f a e c e s  c a r r i e d  ou t  a t  t h e  
C e n t r a l  B a c t e r i o l o g i c a l  L a b o r a t o r y ,  A l e x a n d r i a ,  d u r i n g  the  
e n t e r i c  p r e v a l e n c e  i n  t h e  e a r l i e r  s t a g e s  o f  th e  M e d i t e r r a n e a n  
Campaign when th e  g r e a t  m a j o r i t y  o f  e n t e r i c  i n f e c t i o n s  were 
due- to  B* p a r a t y p h o s u s  A a n d  B, i t  was d e c i d e d  t o  employ the  
o r i g i n a l  b r i l l i a n t - g r e e n  method.
I n  a l l  c a s e s  v a r y i n g  c o n c e n t r a t i o n s  o f  b r i l l i a n t - g r e e n  
i n  p e p to n e  w a t e r  were i n o c u l a t e d .  As r e g a r d s  th e  d e t a i l s  o f  
th e  t e c h n i q u e :  a  dense a n d  u n i fo rm  e m u ls io n  o f  f a e c e s  was 
made i n  s t e r i l e  0*85^ s a l t  s o l u t i o n  a n d  from t h i s  t u b e s  of 
p e p t o n e - w a t e r  (2^  p e p to n e ,  0*5^ sodium c h l o r i d e ,  n e u t r a l  t o  
l i t m u s ) were i n o c u l a t e d .  I n  g e n e r a l  a  l a r g e  l o o p f u l  (0*4 cms. 
d i a m e t e r )  o f  the  em u ls io n  was a d d ed  so t h a t  a  heavy 
i n o c u l a t i o n  r e s u l t e d .  I n  th e  c a se  o f  d i a r r h o e a l  s t o o l s  th e  
amount ad d ed  t o  the  t u b e s  depended on the  d e n s i t y  o f  the  
sp e c im en ;  i f  w a te ry  in  c o n s i s t e n c e ,  t h r e e  or f o u r  l o o p f u l s  
were  u s e d  f o r  t h e  i n o c u l a t i o n  o f  e a c h  tube  ; i f  t h e  specim en 
was o f  g r e a t e r  d e n s i t y ,  one l o o p f u l  was s u f f i c i e n t .  The 
t u b e s  were t h e n  i n c u b a t e d  a t  37° C. S u b c u l t u r e s  were made 
n e v e r  l a t e r  t h a n  12 h o u rs  ( and  sometimes a s  e a r l y  a s  7 or  8 
h ou rs )  on MacConkey's  a g a r .  C la rk e  a n d  S to k e s  who made 
e x t e n s i v e  use  of  t h e  b r i l l i a n t  g r e e n  e n r i c h m e n t  method 
i n o c u l a t e d  th e  t u b e s  h e a v i l y  a n d  s u b c u l t u r e d  n o t  l a t e r  th an
9 h o u rs  a f t e r .  T o r re y  u se d  a  f i x e d  amount o f  h r i l l i a n t - g r e e n  
h u t  v a r i e d  the  q u a n t i t y  o f  f a e c e s  added  t o  th e  medium.
Though here  a l lo w a n ce  i s  made f o r  v a r i a t i o n  in  th e  optimum 
a d j u s t m e n t  of the  amount o f  f a e c e s  i n  r e l a t i o n  t o  t h e  amount 
o f  b r i l l i a n t  g r e e n ,  i t  i s  d o u b t f u l  i f  t h i s  p r o c e d u r e  i s  
l i k e l y  t o  e l i c i t  the  b e s t  r e s u l t s  i f  the  e n t e r i c  o rg a n i s m s  
a r e  s c a n t y .  I t  seemed more r a t i o n a l  to  use  v a r y i n g  amounts  
o f  b r i l l i a n t - g r e e n  and  i n o c u l a t e  e a c h  tube  h e a v i l y .  Where 
th e  number of t y p h o id  or p a r a t y p h o i d  o rgan ism s  i n  t h e  spec im en 
i s  l i k e l y  t o  be r e l a t i v e l y  s m a l l ,  i t  i s  u n d o u b te d ly  e s s e n t i a l  
t o  i n o c u l a t e  w i t h  th e  maximum amount of f a e c e s ;  i f  the  
t y p h o i d  b a c i l l i  a r e  p r e s e n t  i n  the  amount o f  f a e c e s  u s e d  f o r  
a  ” l i g h t  i n o c u l a t i o n  ** t h e y  c o u ld  p r o b a b l y  be i s o l a t e d  by  th e  
d i r e c t  m ethods ,  so t h a t  in  s u c h  c a s e s  the  o n ly  a d v a n ta g e  o f  
e m p lo y in g  an  e n r ic h m e n t  p r o c e s s  would be i n c r e a s e d  f a c i l i t y  o f  
" p i c k i n g  o f f  ** s u s p i c i o u s  c o l o n i e s  on the  s u b i n o c u l a t e d  
p l a t e s  owing t o  t h e i r  r e l a t i v e l y  g r e a t e r  number or t h e i r  
p r e s e n c e  i n  p r a c t i c a l l y  p u r e  c u l t u r e .  I t  i s  a l s o  more 
e s s e n t i a l  i f  heavy i n o c u l a t i o n  i s  r e s o r t e d  t o  t h a t  v a r y i n g  
amounts  o f  b r i l l i a n t - g r e e n  s h o u l d  be u s e d ;  t h e  o r g a n i c  mq,t ter  
ad d ed  may be s u f f i c i e n t  t o  i n t e r f e r e  w i t h  t h e  i n h i b i t o r y  - 
p r o p e r t i e s  o f  the  dye so t h a t  i n  the  lo w er  c o n c e n t r a t i o n s  t l æ  
typ  ho i d - p a r a  typ  ho i d  b a c i l l i  a r e  overgrown by c o l i f o r m  b a c i l l i  
e s p e c i a l l y  i f  the  b a c t e r i a l  c o n t e n t  i s  g r e a t ;  a s  the  i n f l u e n c e
7.
o f  t h i s  f a c t o r  must  v a ry  w i t h  d i f f e r e n t  spec im ens  o f  f a e c e s ,  
i t  i s  ob v io us  t h a t  th e  n e c e s s a r y  a l lo w a n c e  f o r  i t  can  o n ly  be 
made by v a r y i n g  the  c o n c e n t r a t i o n  o f  b r i l l i a n t - g r e e n .
The amounts o f  b r i l l i a n t - g r e e n  g e n e r a l l y  employed w ere :
1 2 3
0*25 c . c .  0*4 c . c .  0*6 -  0*7 c . c .
o f  a  1 : 1 0 , 0 0 0  s o l u t i o n  i n  d i s t i l l e d  w a t e r  f r e s h l y  made f rom  
th e  s t o c k  1% s o l u t i o n .  .
The f o l l o w i n g  examples  from my own e x p e r i e n c e  o f  th e  
b a c t e r i o l o g i c a l  r e s u l t s  o b t a i n e d  i n  c a s e s  where  B. p a r a t y p h o s u s  
A a n d  B were i s o l a t e d  by  th e  b r i l l i a n t - g r e e n  method s e r v e  t o  
i l l u s t r a t e  the  im por tance  o f  the  a c t u a l  m ethod o f  a p p l i c a t i o n  
o f  th e  e n r i c h m e n t  p r o c e s s .  I n  the  o a s e s  q u o te d ,  th e  
b r i l l i a n t - g r e e n  method was a l s o  c o n t r o l l e d  by  d i r e c t  p l a t i n g  
on MacConkey 's  medium a n d  th e  r e s u l t s  show th e  s t r i k i n g  
s u p e r i o r i t y  o f  the  e n r i c h m e n t  method.
Table  I .
B r i l l i a n t - g r e e n  R e s u l t i n g  g r o w th  a f t e r
Tube. 1 : 1 0 ,0 0 0  i n  10 c . c .  8 ho u rs  (when p l a t e d  on
p e p to n e  w a t e r .  MacConkey 's  medium).
1 . 0*25 c . c .  -  -  -  -  -  - , P r a c t i c a l l y  p u re  g ro w th  o f
B. p a r a t y p h o s u s  A.
2 . 0*4 c . c .  - - - - - -  S c a n ty  g r o w th  o f  a t y p i c a l
B. c o l i .
3* 0 * c . c .  - - - - - -  No g ro w th .
On d i r e c t  p l a t e s  no B. p a r a t y p h o s u s  A c o l o n i e s  d e t e c t a b l e .
8.
Here a  ** o n e - tu b e  " method i n  w h ich  a  1 : 2 5 0 ,0 0 0  c o n c e n t r a ­
t i o n  of  b r i l l i a n t - g r e e n  ( i . e .  0»4 c . c .  1 : 1 0 , 0 0 0  i n  10 c . c .  
p e p t o n e - w a t e r )  was i n o c u l a t e d  would  have c o m p l e t e ly  f a i l e d  t o  
y i e l d  any r e s u l t ,  w hereas  a  p r a c t i c a l l y  p u re  c u l t u r e  o f  
B. p a r a t y p h o s u s  A was o b t a i n e d  i n  t l B  tube  c o n t a i n i n g  0*25 c . c .  
o f  th e  dye . On "the p l a t e  i n o c u l a t e d  d i r e c t l y  f rom  th e  f a e c e s  
no p a r a t y p h o i d  b a c i l l i  were d e t e c t a b l e  showing t h a t  t h i s  
o rg an ism  was p r e s e n t  i n  r e l a t i v e l y  s m a l l  num bers .  I t  i s  t o  be 
n o t e d  a l s o  t h a t  an  a t y p i c a l  B. c o l i  was grown i n  th e  2nd t u b e ,  
i . e .  i t  was a p p a r e n t l y  c ap a b le  o f  g rowing  i n  s t r o n g e r  
c o n c e n t r a t i o n s  and  was more r e s i s t a n t  th a n  th e  p a r a t y p h o i d  
b a c i l l u s ;  i n  a  low er  c o n c e n t r a t i o n  of  th e  dye,  however,  the  
p a r a t y p h o i d  b a c i l l u s  was n o t  overgrown by  i t  ( s e e  a l s o  t a b l e  6 ) .
T ab le  2.
B r i l l i a n t - g r e e n  R e s u l t i n g  g r o w th  a f t e r
Tube.  1 :1 0 , 0 0 0  i n  10 c . c .  12 hours(w hen  p l a t e d
p e p to n e  w a t e r . on MacConkey’s mediuir).
1 .  0*25 c . c .  - - - - - -  T y p i c a l  B. c o l i .
 ̂V
2 .  0*4 c . c .  - - - - - -  Mixed g ro w th  of  B. c o l i
and  B. p a r a t y p h o s u s  A.
3 . 0*7 c . c .  - - - - - -  P r a c t i c a l l y  p u re  g ro w th  .
o f  B. p a r a t y p h o s u s  A.
On d i r e c t  p l a t e  no B. p a r a t y p h o s u s  A c o l o n i e s  d e t e c t a b l e .
I n  t h i s  c ase  0*4 c . c .  of the  b r i l l i a n t - g r e e n  s o l u t i o n  was 
s u f f i c i e n t  to  e n r i c h  the  p a r a t y p h o i d  b a c i l l u s  t o  a  c e r t a i n  
e x t e n t ,  b u t  a  l a r g e r  amount (0*7 c . c . )  e l i c i t e d  an a lm o s t
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p u re  c u l t u r e  of  t h i s  o rgan ism .  T h i s  r e s u l t  was a l s o  o b t a i n e d  
from a  specimen of  f a e c e s  w h ic h  showed no s u s p i c i o u s  c o l o n i e s  
on d i r e c t  p l a t i n g .
Table  3.
B r i l l i a n t - g r e e n  R e s u l t i n g  g ro w th  a f t e r
Tube. 1 :1 0 ,0 0 0  i n  10 c . c .  8 h o u r s  (when p l a t e d  on
pep tone  w a t e r .  MacConkey’ s medium).
1. 0*25 c . c .  - - - - - -  B. c o l i  - a t y p i c a l
2. 0*4 c . c .  - - - - - -  B. c o l i  - a t y p i c a l
3.  0*65 c . c .  - - - - - -  A t y p i c a l  B. c o l i  a n d
B. p a r a t y p h o s u s  B in  
m ixed g row th .
On d i r e c t  p l a t e  no B. p a r a t y p h o s u s  B c o l o n i e s  d e t e c t a b l e .
T h i s  r e s u l t  i s  i n t e r e s t i n g  in  t h a t  no t y p i c a l  B. c o l i  
grew i n  th e  b r i l l i a n t - g r e e n  medium, b u t  i n  a l l  t h e  t u b e s  t h e r e
Û1V
was an a b u n d a n t  g row th  of  ̂ a t y p i c a l  B. c o l i  w h ich  was 
r e l a t i v e l y  r e s i s t a n t  to  th e  dye. The h i g h e s t  c o n c e n t r a t i o n  o f  
b r i l l i a n t - g r e e n ,  however, seemed to  be s u f f i c i e n t l y  i n h i b i t o r y  
t o  a l l o w  the  p a r a t y p h o i d  b a c i l l i  t o  m u l t i p l y  th o u g h  n o t  
s u f f i c i e n t  to  c o m p le te ly  s t o p  the  g ro w th  o f  t h e  c o l i f o r m  
o rg a n i s m s .  No p a r a t y p h o i d  b a c i l l i  were  d e t e c t a b l e  on th e  
d i r e c t  p l a t e .
■'.v-
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T ab le  4 .
B r i l l i a n t - g r e e n  R e s u l t i n g  g ro w th  a f t e r
Tube.  1 :1 0 ,0 0 0  in  10 c . c .  10 h ours (w hen  p l a t e d
p e p to n e  w a t e r .  on MacConkey’ s medium)»
lo 0*25 c . c .  - - - - - -  B. c o l i  -  a t y p i c a l .
2 .  0*4 c . c .  - - - - - -  B. c o l i  -  a t y p i c a l .
3.  0*6 c . c .  - - - - - -  A t y p i c a l  B. c o l i  a n d
B. p a r a t y p h o s u s  A m ixed .
2 B. p a r a t y p h o s u s  A c o l o n i e s  d e t e c t a b l e  on d i r e c t  p l a t e .
T h i s  shows a  s i m i l a r  r e s u l t  i n  th e  c a se  o f  B. p a r a t y p h o s u s
A. Here i t  was p o s s i b l e  to  i s o l a t e  th e  p a r a t y p h o i d  b a c i l l u s  
fftom t h e  d i r e c t  p l a t e  b u t  i n  th e  h i g h e s t  c o n c e n t r a t i o n  o f  
b r i l l i a n t - g r e e n ,  marked e n r i c h m e n t  o f  t h i s  o rg an ism  o c c u r r e d  
i n  s p i t e  of the  p r e s e n c e  of a  r e s i s t a n t  c o l i f o r m  b a c i l l u s  a n d  
on th e  p l a t e s  s u b i n o c u l a t e d  from th e  b r i l l i a n t - g r e e n  c u l t u r e ,  
l a r g e  numbers o f  c o l o n i e s  d e v e lo p e d .
Table  5.
B r i l l i a n t - g r e e n  R e s u l t i n g  g r o w th  a f t e r
Tube.  1 :1 0 ,0 0 0  i n  10 c . c .  8 h o u r s  (when p l a t e *  on
p e p to n e  w a t e r .  MacConkey’ s medium).
1 . 0*25 c . c .  - - - - - -  P r a c t i c a l l y  p u re  g r o w th  o f
■ B. p a r a t y p h o s u s  B.
2 f  0*4 c . c .  - - - - - -  Do.
3.  0*6 c . c .  - - - - - -  Do.
On d i r e c t  p l a t e  a  few c o l o n i e s  o f  B* p a r a t y p h o s u s  B.
1 1 .
I n  t h i s  case  t h o u g h  the  p a r a t y p h o i d  c o l o n i e s  were p r e s e n t  
on d i r e c t  p l a t e ,  a l l  the  c o n c e n t r a t i o n s  of  h r i l l i a n t - g r e e n  
p ro d u c e d  an a lm o s t  p u r e  g ro w th  o f  t h i s  o rg an ism ,  t h u s  
r e n d e r i n g  th e  d e t e c t i o n  o f  t h e  o rg an ism  much e a s i e r  t h a n  by  
the  o r d i n a r y  method.
Tab le  6.
B r i l l i a n t - g r e e n  . R e s u l t i n g  g r o w t h  a f t e r
Tube. 1 : 1 0 ,0 0 0  i n  10  c . c .  8 h o u r s  (when p l a t e d  on
p e p to n e  w a t e r .  MacConkey’ s mediuir^
1 .  0*25 c . c .  - - - - - -  B. c o l i  ( t y p i c a l )
2. 0*4 c . c .  - - - - - -  Mixed B. c o l i  ( t y p i c a l )  and
B. p a r a t y p h o s u s  A.
3. 0*6 c . c .  - - - - - -  Growth o f  a t y p i c a l  B. c o l i
( i n o s i t e - f e r m e n t i n g  type  
-  su b -g ro u p  C, M a c k ie ) .
Ho B. p a r a t y p h o s u s  A c o l o n i e s  d e t e c t a b l e  on d i r e c t  p l a t e .
I n  t h i s  c ase  th e  optimum amount o f  b r i l l i a n t - g r e e n  f o r  
the  e n r i c h m e n t  o f  the  p a r a t y p h o i d  b a c i l l u s  was 0*4 c . c . ;  a  
h i g h e r  amount 0*6 c . c .  p ro d u c e d  com ple te  i n h i b i t i o n  o f  th e  ; 
p a r a t y p h o i d  b a c i l l u s  a n d  f a v o u r e d  the  g ro w th  o f  t h e  more 
r e s i s t a n t  c o l i f o r m  b a c i l l u s  p r e s e n t  i n  th e  f a e c e s .  T h i s  i s  a  
s t r i k i n g  i n s t a n c e  o f  the  c a r e f u l  a d j u s t m e n t  n e c e s s a r y  f o r  a  
s a t i s f a c t o r y  r e s u l t .  I t  i s  r e m a rk a b le  how s l i g h t  v a r i a t i o n s  
i n  th e  amount o f  b r i l l i a n t - g r e e n  a f f e c t  the  c h a r a c t e r  o f  t lB  
r e s u l t i n g  g row th ,  c e r t a i n  c o n c e n t r a t i o n s  f a v o u r i n g  th e  g ro w th
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of  one type o f  o rgan ism  a t  th e  expen se  o f  a n o t h e r .  In  the  
c a se  q u o te d  i n  t a b l e  6, tho u gh  a  h i g h l y  r e s i s t a n t  c o l i f o r m  
b a c i l l u s  was p r e s e n t  in  the  f a e c e s ,  i t  d id  n o t  i n t e r f e r e  w i t h  
th e  g ro w th  o f  the  p a r a t y p h o i d  b a c i l l u s  i n  a  p a r t i c u l a r  
c o n c e n t r a t i o n  o f  b r i l l i a n t - g r e e n  ( tu b e  2) w h ich  r e p r e s e n t e d  
the  optimum f o r  th e  e n r ic h m e n t  o f  the  l a t t e r  o rg an ism ;  the  
optimum c o n c e n t r a t i o n  f o r  the  e n r i c h m e n t  o f  the  c o l i f o r m  type 
was h ig h e r  ( tube  3 ) .  Thus, when v a r y i n g  c o n c e n t r a t i o n s  of  
b r i l l i a n t - g r e e n  a re  used ,  even i f  h i g h l y  r e s i s t a n t  ç o l i f o r m  
b a c i l l i  a r e  p r e s e n t  i n  t h e  f a e c e s  i t  may s t i l l  be p o s s i b l e  t o  
o b t a i n  i n  one c o n c e n t r a t i o n  r e l a t i v e  e n r i c h m e n t  o f  the  
t y p h o i d - p a r a t y p h o i d  b a c i l l u s .  T h i s  has a l r e a d y  been  a l l u d e d  
t o .  Table  1 e x e m p l i f i e s  an a n a lo g o u s  r e s u l t .
As w i l l  be seen  from th e s e  exam ples  th e  optimum amount 
o f  b r i l l i a n t - g r e e n  n e c e s s a r y  to  e l i c i t  t h e  maximum g ro w th  of  
th e  p a r a t y p h o i d  b a c i l l i  v a r i e s  w i t h  e a c h  specimen o f  f a e c e s ,  
th o u g h  l y i n g  w i t h i n  a  c e r t a i n  r a n g e ,  i . e . ,  from 0*25 c . c .  to  
0*7 c . c .  o f  a  1 :1 0 ,0 0 0  s o l u t i o n  in  10 c . c .  medium, and  the  
r e s u l t i n g  g row th  may be c o m p le t e ly  a l t e r e d  by even s l i g h t  
v a r i a t i o n s  i n  the  amount o f  the  dye u se d .  On what t h i s  
v a r i a b i l i t y  depends i t  i s  d i f f i c u l t  to  say  - p r o b a b l y  
q u a l i t a t i v e  and q u a n t i t a t i v e  v a r i a t i o n s  i n  the  b a c t e r i a l  
c o n t e n t ;  d i f f e r e n c e  in  the  r e s i s t a n c e  t o  b r i l l i a n t - g r e e n  o f  
v a r i o u s  s t r a i n s  of B. ty p h o su s  and  the  p a r a t y p h o i d  b a c i l l i .  ,
1 3 .
an d  p o s s i b l y  d i f f e r e n c e s  i n  th e  c h e m ic a l  c o n t e n t  o f  th e  f a e c e s  
e s p e c i a l l y  where heavy i n o c u l a t i o n s  a r e  made. D i f f e r e n c e s  i n  
th e  r e a c t i o n  of  the medium an d  the  c h a r a c t e r  o f  th e  p e p to n e  
may a l s o  a f f e c t  th e  r e s u l t s  ( B r o w n in g ) ; i n  the  c a s e s  q u o te d ,  
however,  a  p r e - w a r  W i t t e ’ s p e p to n e  was u se d  a n d  th e  r e a c t i o n  
o f  th e  p ep to ne  w a te r  was a lw ay s  r e n d e r e d  a p p r o x i m a t e l y  n e u t r a l  
t o  l i t m u s .
These r e s u l t s  i n  w h ich  the  b r i l l i a n t - g r e e n  method was 
c o n t r o l l e d  by  s im u l t a n e o u s  d i r e c t  p l a t i n g  r e p r e s e n t e d  a  
f u r t h e r  d e m o n s t r a t i o n  of  th e  s u p e r i o r i t y  o f  t h i s  p r o c e s s ,  
p r o v i d e d  a  com ple te  method i s  u s e d .
I n  c a s e s  2  and  6 the  a b b r e v i a t e d  p r o c e d u r e  would  have 
b e en  e q u a l l y  s u c c e s s f u l  w i t h  th e  o r i g i n a l  method, b u t  i n  
c a s e s  1, 3 and  4 the  ” o n e - tu b e  ” m o d i f i c a t i o n  would have 
f a i l e d  to  p roduce  a  p o s i t i v e  r e s u l t .  M oreover ,  i n  c ase  4 a  
p o s i t i v e  r e s u l t  would  have be en  o b t a i n e d  by  d i r e c t  p l a t i n g ,  
w h i l e  the  ” o ne - tu b e  ” method would have y i e l d e d  a  n e g a t i v e  
r e s u l t .
These o b s e r v a t i o n s  c l e a r l y  d e m o n s t r a t e d  t h e  n e c e s s i t y  o f  
a d h e r i n g  to  the  o r i g i n a l  method i f  u n i f o r m l y  s a t i s f a c t o r y  
r e s u l t s  a r e  to  be o b t a i n e d  a n d  th e  f a l l a c y  o f  u s i n g  an 
a b b r e v i a t e d  o r  one- tube method.
Of c o u rs e  i n  a  g r e a t  many i n s t a n c e s  th e  t y p h o i d  an d  
p a r a t y p h o i d  b a c i l l i  can be i s o l a t e d  by  d i r e c t  p l a t i n g ,  b u t  i n
1 4 .
a l l  s u c h  c a s e s  the  p r e l i m i n a r y  e n r i c h m e n t  i n  b r i l l i a n t - g r e e n  
p e p to n e  w a te r  i s  l i k e l y  t o  r e n d e r  th e  d e t e c t i o n  of  s u s p i c i o u s  
c o l o n i e s  much e a s i e r  and  so e n s u r e s  g r e a t e r  c e r t a i n t y  i n  the  
i s o l a t i o n  o f  the  e n t e r i c  o rg a n i s m s .  T h is  f e a t u r e  a l o n e ,  e . g .  
a s  shown i n  t a b l e  5, has p ro v e d  o f  th e  g r e a t e s t  im p o r tan c e  
w i t h  the  b r i l l i a n t - g r e e n  p r o c e s s  and  r e p r e s e n t s ,  a p a r t  f rom 
o t h e r  c o n s i d e r a t i o n s ,  a  s t r i k i n g  a d v a n ta g e  of  the  method,
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The a t t e m p t  t o  i s o l a t e  the  s p e c i f i c  o rgan ism  i s  
u n d o u b te d ly  th e  most i m p o r t a n t  d i a g n o s t i c  method t h a t  can be 
a p p l i e d  i n  a  s u s p e c t e d  e n t e r i c a  c a s e .  I n  th e  e a r l y  s t a g e s  of  
th e  i l l n e s s  t h i s  may be  a c h i e v e d  i n  a  l a r g e  p r o p o r t i o n  o f
c a s e s ,  a s  i s  w e l l  known, by  the  method o f  b l o o d - c u l t u r e  ; when
\
c a s e s  come under  o b s e r v a t i o n  o n ly  a t  a  l a t e r  s t a g e  of the  
d i s e a s e ,  f o r  the  i s o l a t i o n  of  t y p h o i d  or  p a r a t y p h o i d  b a c i l l i  
i t  i s  n e c e s s a r y  t o  r e s o r t  t o  c u l t i v a t i o n  f rom  th e  f a e c e s  and 
u r i  n e .
The e s s e n t i a l  d i f f i c u l t y  i n  i s o l a t i n g  the  e n t e r i c a  
o rg an ism  from f a e c e s  i s  due to  t h e i r  b e i n g  r e l a t i v e l y  s c a n t y  
i n  the  m a j o r i t y  of c a s e s  a n d  t h e r e f o r e  c o n s i d e r a b l y  
outnumbered  by c o l i f o r m  b a c i l l i .  Hence s p e c i a l  m ethods ,  su c h  
a s  th e  b r i l l i a n t - g r e e n  e n r i c h m e n t  p r o c e s s ,  have been  d e v i s e d  
to  overcome t h i s  d i f f i c u l t y .
15.
In  the  case  o f  c u l t u r e s  f rom u r i n e  th e  i s o l a t i o n  o f  a  
t y p h o i d - p a r a t y p h o i d  b a c i l l u s ,  i f  p r e s e n t ,  i s  c o m p a r a t i v e l y  
e a s y ,  s i n c e ,  u n l e s s  t h e  u r i n e  i s  c o n ta m in a te d ,  t h e s e  o rg an ism s  
o c cu r  in  p r a c t i c a l l y  p u re  c u l t u r e .  On th e  o t h e r  hand a 
- s in g le  e x a m in a t io n  of u r i n e  i s  o f t e n  o f  l i t t l e  v a l u e .
R e p e a t e d  e x a m in a t io n s ,  however,  may y i e l d  s u c c e s s f u l  r e s u l t s .  
R u r i n g  an e n t e r i c a  i l l n e s s  t r a n s i e n t  b a c i l l u r i c  p e r i o d s  o c c u r ,  
JBnd i n  a  l a r g e  p r o p o r t i o n  of  c a s e s  i f  d a i l y  e x a m in a t io n s  a r e  
-made ove r  a p e r i o d  of  7 to  10 days ,  on a  p a r t i c u l a r  day l a r g e  
n u m b e r s  o f  o rgan ism s  a r e  p r e s e n t  i n  the  u r i n e  and  can be 
n a s i l y  i s o l a t e d .  As the  b a c i l l i  a r e  p r e s e n t  i n  c o n s i d e r a b l e  
n u m b e r s  i t  i s  n o t  even  n e c e s s a r y  to  c e n t r i f u g a l i z e  the  
spec im en ;  an  abundan t  g ro w th  can be o b t a i n e d  by s im p ly  p l a t i n g  
o u t  two or t h r e e  l o o p f u l s  o f  th e  u r i n e  on a  MacConkey p l a t e .
Tte  p o s s i b i l i t y  o f  r e c o v e r i n g  e n t e r i c a  o rg an ism s  i n  t h i s  
may when o t h e r  methods had f a i l e d  was n o t e d  i n  the  c o u rs e  of  
r o u t i n e  o b s e r v a t i o n s  and  t o  t e s t  t h e  e f f i c i e n c y  o f  th e  method, 
a  s e r i e s  of 12 c a s e s  i n  the  2nd an d  3 r d  weeks were exam ined ;  
t h e s e  c a s e s  a l l  p r e s e n t e d  c l i n i c a l  e v id e n c e  of  e n t e r i c a  and 
t h e i r  s e r a  e x h i b i t e d  s p e c i f i c  a g g l u t i n a t i o n  r e a c t i o n s  w i t h  
B. p a r a t y p h o s u s  A or B. No g ro w ths  were o b t a i n e d  by b l o o d  
c u l t u r e  and  the  f a e c e s  had bean  exam ined  w i t h  n e g a t i v e  r e s u l t s .  
D a i ly  e x a m in a t io n s  of  the  u r i n e  were made u n t i l  o rg an ism s  
were d e t e c t e d  and in  e a c h  case  the  s p e c i f i c  o rgan ism  
(B. p a r a t y p h o s u s  A or B) was i s o l a t e d  i n  t h i s  way.
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Though t h i s  method may n e c e s s i t a t e  a c o n s i d e r a b l e  number 
o f  e x a m in a t io n s ,  the  whole p r o c e d u r e  i s  c o m p a r a t i v e l y  
u n c o m p l i c a te d  a n d  q u i c k l y  c a r r i e d  o u t ;  m oreover  the  r e s u l t s  a r e  
l i k e l y  to  rep a y  the w orker  f o r  the  a d d i t i o n a l  l a b o u r  a n d  t ime 
i n v o l v e d .  I t  i s  u n n e c e s s a r y  t o  c e n t r i f u g a l i z e  the  u r i n e  and  
p r o v i d e d  f r e s h  u n c o n ta m in a te d  spec im ens  a r e  s u b m i t t e d  a  
n e g a t i v e  r e s u l t  i s  a t  once i n d i c a t e d  by th e  a b sen c e  o f  g rowth  
on the  p l a t e .
In  c o n n e c t io n  w i t h  t h i s  d i a g n o s t i c  method, i t  has been  
n o t e d  t h a t  b a c t e r i u r i a  i n  e n t e r i c a  may o c c a s i o n a l l y  be due to  
o rg an ism s  o t h e r  th an  the  e n t e r i c a  g roup ,  e . g .  B. p a r a c o l o n  
t y p e s ,  " B .C .L .A.  t y p e s  ** (v .  p a r t  2, t a b l e  3] , a  n o n - m o t i l e  
c o c c o - b a c i l l u s  s i m i l a r  t o  t h a t  d e s c r i b e d  i n  t a b l e  3 p a r t  2, 
a n d  e n t e r o c o c c i .  These o rg an ism s  v/hen they  o c c u r r e d  were 
p r e s e n t  i n  l a r g e  numbers i n  f r e s h l y  p a s s e d  spec im en s .  P a t r i c k  
i n  1914 (v .  p a r t  1, p .  21) w ork ing  i n  G re a t  B r i t a i n  a l s o  n o t e d  
i n  c a s e s  o f  t y p h o id  f e v e r  the  o c c u r r e n c e  o f  b a c i l l u r i a  due to  
c e r t a i n  B. p a r a c o l o n  t y p e s .
Thus in  c a r r y i n g  ou t  b a c t e r i o l o g i c a l  e x a m in a t io n  o f  
spec im ens  o f  u r i n e  i n  e n t e r i c a  th e  p o s s i b l e  o c c u r r e n c e  of  
o rg an ism s  o t h e r  than  th e  e n t e r i c a  g roup  must  be c o n s i d e r e d .
17,
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The c o l o n i e s  o f  th e  t y p h o i d - p a r a t y p h o i d  b a c i l l i  i n  p l a t e  
c u l t u r e s  a f t e r  24 ho u rs  i n c u b a t i o n  a t  37° C. show no 
m o r p h o lo g i c a l  c h a r a c t e r s  w h ich  d i f f e r e n t i a t e  them f ro m  a  
number o f  o t h e r  n o n - l a c t o s e  f e r m e n t i n g  i n t e s t i n a l  b a c i l l i .  
T h e r e f o r e ,  i n  p i c k i n g - o f f  s u s p i c i o u s  c o l o n i e s  on MacConkey’ s 
medium, i t  i s  n e c e s s a r y  t o  s u b c u l t u r e  s e v e r a l  of  t h e  p a l e  
c o l o n i e s  p r e s e n t  f o r  i n v e s t i g a t i o n ,  a s  o t h e r  n o n - l a c t o s e -  
f e r r a e n t e r s  may grow whose c o l o n i e s  c a n n o t  be d i s t i n g u i s h e d  by 
n a k ed -ey e  a p p e a ra n c e s  from t h o s e  o f  th e  e n t e r i c a  g ro u p .
In  th e  c ase  of  B. p a r a t y p h o s u s  B i t  was n o t e d  t h a t  a  
s t r i k i n g  f e a t u r e  o f  th e  c o l b n i e s  c o u l d  be e l i c i t e d  w h ic h  i n  
s e v e r a l  c a s e s  f a c i l i t a t e d  t h e i r  r e c o g n i t i o n .  A f t e r  
i n c u b a t i o n  o f  the  p l a t e s  f o r  18-24  h o u rs  a t  37° C. , i f  the  
c u l t u r e  i s  a l lo w e d  to  rem ain  a t  room t e m p e r a t u r e  f o r  a  f u r t h e r  
24 h o u r s ,  a  r a i s e d  opaque b o r d e r  d e v e lo p s  r o u n d  th e  c o lo n y .  
T h i s  c h a r a c t e r ,  th ou g h  n o t  a b s o l u t e l y  s p e c i f i c  f o r
B. p a r a t y p h o s u s  B . , p ro v e d  so  d i s t i n c t i v e  a s  t o  e n a b l e  s c a n t y  
c o l o n i e s  o f  t h i s  o rgan ism  to  be e a s i l y  p i c k e d  ou t  i n  p l a t e  
c u l t u r e s  c o n t a i n i n g  o t h e r  n o n - l a c t o s e - f e r m e n t e r s .
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P A R T  5
A- STUDY OP THE 
AGGLUTINATION REACTIONS OF THE 
SERUM IN PARATYPHOID INFECTIONS 
OCCURRING AMONG TYPHOID INOCULATED TROOPS
1 .
The f o l l o w i n g  o b s e r v a t i o n s  r e p r e s e n t  the  r e s u l t s  o f  a  
s y s t e m a t i c  s tu d y  o f  t t e  a g g l u t i n a t i o n  r e a c t i o n s  o f  a  s e r i e s  
o f  p a r a t y p h o i d  c a s e s  o c c u r r i n g  among t r o o p s  o f  the  
M e d i t e r r a n e a n  E x p e d i t i o n a r y  Force  (1915) who had been  
p r e v i o u s l y  i n o c u l a t e d  w i t h  the  o r i g i n a l  t y p h o id  v a c c i n e  i n  
g e n e r a l  use  i n  the  B r i t i s h  Army d u r i n g  1914 -1 5 .  T h i s  s t u d y  * 
was c a r r i e d  out  by me a s  p a r t  o f  an  e x t e n s i v e  i n v e s t i g a t i o n  
o f  c a s e s  o f  " e n t e r i c a  ** a t  t h a t  t ime so p r e v a l e n t  i n  th e  
F o r c e ,  and the  p r a c t i c a l  im po r tan ce  o f  the  work l a y  i n  the  
d i a g n o s t i c  i n t e r p r e t a t i o n  o f  r e s u l t s  o b t a i n e d  by th e  u s u a l  
a g g l u t i n a t i o n  t e s t s  i n  t y p h o i d  i n o c u l a t e d  p e r s o n s  s u b s e q u e n t l y  
c o n t r a c t i n g  an e n t e r i c a  " i l l n e s s .  The s e r o l o g i c a l  
f i n d i n g s  were o f  c ou rse  c o n t r o l l e d  by  i s o l a t i o n  o f  th e  
c a u s a l  o rgan ism  i n  a s  many a s  p o s s i b l e  o f  the  c a s e s  exam ined  
and  i n  t h i s  way the  s i g n i f i c a n c e  o f  the  d i f f e r e n t  r e a c t i o n s  
was c o n f i rm e d .
A p a r t  from the  p r a c t i c a l  v a lu e  o f  t h e s e  o b s e r v a t i o n s  a t  
a  t ime when p a r a t y p h o i d  f e v e r  v/às p r e v a l e n t  among t r o o p s  
i n o c u l a t e d  w i t h  on ly  the  t y p h o i d  v a c c i n e  an d  when i t  was 
e s s e n t i a l  t o  a s c e r t a i n  th e  s t a t i s t i c a l  p r e v a l e n c e  of  
p a r a t y p h o i d  a s  compared w i t h  t y p h o i d  i n f e c t i o n s * *  t h i s  s tu d y  
e l i c i t e d  an i n t e r e s t i n g  an d  i m p o r t a n t  im m uno log ica l  phenomenon,
*100 c a s e s  w i t h  p o s i t i v e  a g g l u t i n a t i o n  r e s u l t s  were s t u d i e d .
**The d e t e r m i n a t i o n  of  the  p r e v a l e n c e  o f  p a r a t y p h o i d  i n f e c t i o n s  
l e d  t o  the  a p p l i c a t i o n  o f  the  * t r i p l e  v a c c in e  * i n  t h e  M.E.F.
C e r t a i n  o f  t h e s e  o b s e r v a t i o n s  were a l s o  c o n f i r m e d  l a t e r  by  
C a p t a i n  H. G. W i l t s h i r e  i n  a n o t h e r  s e r i e s  o f  c a s e s  a n d  the  
whole s u b j e c t  o f  the  d i a g n o s t i c  i n t e r p r e t a t i o n  o f  
a g g l u t i n a t i o n  t e s t s  i n  t y p h o i d  a n d  p a r a t y p h o i d  f e v e r  among 
t y p h o i d  v a c c i n a t e d  t r o o p s  was d e a l t  w i t h  by Mackie an d  
W i l t s h i r e  in  a  p a p e r  p u b l i s h e d  i n  the  J o u r n a l  o f  t h e  Roya l  
Army M edica l  Corps  (1917) -  V o l .  29, No* 3, p .  276.
2.
The methods employed  were s i m i l a r  t o  t h o s e  a l r e a d y  
d e s c r i b e d  i n  P a r t  1; e m u l s io n s  o f  l i v i n g  o rg a n i s m s  
were p r e f e r r e d  an d  th e  ” m ac ro sc o p ic  t e c h n iq u e  
was u se d .  The b a c i l l a r y  e m u l s io n s  were f r e s h l y  
p r e p a r e d  in  0*85^ s a l i n e  s o l u t i o n  from 18-24  h o u r s ’ 
a g a r - s l o p e  c u l t u r e s ;  t h e s e  e m u l s io n s  were s t a n d a r d i z e d  
so t h a t  t h e i r  o p a c i t y  was a p p r o x i m a t e l y  e q u a l  t o  t h a t  
of  a  O' 1^ s u s p e n s io n  of v e r y  f i n e l y  powdered  p u re  
c h a l k  in  d i s t i l l e d  w a t e r .  The s t r a i n s  o f  B* t y p h o s u s ,  
B. p a r a t y p h o s u s  A a n d  B were th o se  s p e c i a l l y  s e l e c t e d  
in  the  C e n t r a l  L a b o r a t o r y ,  C a i r o  ( S t a t e  I n s t i t u t e  of 
% g i e n e )  f o r  use  i n  a l l  t h e  l a b o r a t o r i e s  of the  
M e d i t e r r a n e a n  E x p e d i t i o n a r y  F o r c e .
The d i a g n o s t i c  sys tem  a d o p te d  was to  t e s t  v a r y i n g  
d i l u t i o n s  of the  p a t i e n t ’ s serum w i t h  e a c h  o f  th e  
t h r e e  e n t e r i c a  o rgan ism s  i n  p a r a l l e l  s e r i e s .  The 
d i l u t i o n s  t e s t e d  were a s  f o l l o w s :
1 2 3 4 5 * 6
1 :50 ,  1 :1 0 0 ,  1 :2 0 0 ,  1 :50 0 ,  1 :1 0 00 ,  1 :2 00 0
and  in  the  case  o f  c e r t a i n  p o w e r f u l l y  a g g l u t i n a t i n g  
s e r a ,  1 :4000  and 1 :8 0 0 0 .
These d i l u t i o n s  were o b t a i n e d  by  p l a c i n g  i n  a  
s e r i e s  o f  t e s t - t u b e s  a  f i x e d  q u a n t i t y  (0«4 c . c . )  o f
3.
the  serum d i l u t e d  a s  f o l l o w s :
1 2 3 4 5 6
1 :25 ,  1 : 5 0 ,  1 :1 0 0 ,  1 :2 5 0 ,  1 :5 0 0 ,  1 :1 0 0 0 ,
and  th en  a d d in g  an e q u a l  volume o f  b a c i l l a r y  e m u l s io n .
The tu b es  were i n c u b a t e d  f o r  2 ho u rs  a t  37° C.
They were t h e n  removed f rom  the  i n c u b a t o r  a n d  a l l o w e d  
to  s t a n d  a t  room t e m p e r a tu r e  t i l l  n e x t  day .  R e a d in g s  
were made a f t e r  2 hours  a n d  f i n a l l y  a f t e r  20-24  h o u r s .
G e n e ra l  r e s u l t s  ob t a i n e d  i n  p a r a t y p h o i d  c a s e s  among men 
p r e v i o u s l y  i n o c u l a t e d  w i t h  B,. ty p h o su s  v a c c i n e .
I n  the  g r e a t  m a j o r i t y  o f  t h e s e  c a s e s  a  s p e c i f i c  
a g g l u t i n a t i o n  r e a c t i o n  o c c u r r e d  w i t h  one o f  the  p a r a t y p h o i d  
b a c i l l i ,  a n d  i n  p r a c t i c a l l y  e v e ry  c ase  where the  p a r a t y p h o i d  
b a c i l l u s  was a g g l u t i n a t e d  by th e  serum t h e r e  was a l s o  a  
d e f i n i t e  r e a c t i o n  w i t h  B. t y p h o s u s ;  i n  most I n s t a n c e s ,  th e  
e n d - t i t r e  of  t h e  r e a c t i o n  w i t h  B. ty p h o su s  was lo w e r  th an  
t h a t  w i t h  the  p a r a t y p h o i d  organ ism  b u t  i t  was f r e q u e n t l y  
e q u a l  t o ,  and  in  a  few c a s e s  a c t u a l l y  h ig h e r  than  the  e n d ­
p o i n t  o f  th e  r e a c t i o n  w i t h  th e  p a r a t y p h o i d  b a c i l l u s .
T a b le s  1, 2, 3 and  4 show c h a r a c t e r i s t i c  exam ples  o f  
t h e s e  r e s u l t s ;  i n  t a b l e  1 th e  h i g h e s t  t i t r e  of  th e  p a r a t y p h o i d  
A a g g l u t i n i n s  i s  1 :2000 ,  t h a t  o f  th e  c o n co m ita n t  t y p h o id  
a g g l u t i n i n s ,  1 :1 0 0 0 ;  a f t e r  2 ho u rs  t h e r e  was no r e a c t i o n  w i t h  
B. p a r a t y p h o s u s  B i n  even  a  1 :50  d i l u t i o n  o f  th e  serum.
T ab le  2 shows an a n a lo g o u s  e f f e c t  i n  a  c a se  of B. p a r a t y p h o s u s  
B i n f e c t i o n .  Table  3 e x e m p l i f i e s  a  c a se  where a  more marked 
r e a c t i o n  o c c u r r e d  w i t h  B. ty p h o su s  th an  w i t h  the  i n f e c t i n g  
o rg an ism .  In  t a b l e  4 a r e  shown r e a c t i o n s  e q u a l  i n  d e g re e  w i t h  
b o t h  o rg an ism s .
Tab l e  1.
C o n t r o l ;
Serum d i l u t i o n s .  Serum.
1 :5 0  1 :100 1 :200  1 :500  1 :1000  1 :20 0 0
B. ty p h o su s  + + ++ ++++ + +++ «■ + + + ■ — —
B. p a r a ­
ty p h o s u s  A ++++ +++» »+++ ++++ * —
B. p a r a ­
ty p h o s u s  B — — — — — — —
R e a d in g s  a f t e r  2 hours  a t  37° C. B. p a r a t y p h o s u s  A 
i s o l a t e d .  I n o c u l a t e d  w i t h  B. ty p h o s u s  v a c c in e  (2 do ses )  8 
months  p r e v i o u s l y .  A g g l u t i n a t i o n  t e s t  on 7 t h  day o f  i l l n e s s .
( In  t h i s  and  i n  su b seq u e n t  t a b l e s  the  deg ree  o f  r e a c t i o n
i s  s i g n i f i e d  by: , +++, and  +; — s i g n i f i e s  a b se n c e  o f
a g g l u t i n a t i o n . )
T ab le  2 .
C o n t r o l ;
Serum d i l u t i o n s .  ^lo Serum.
1 :50  1 :100  1 :2 00  1 :5 0 0  1 :1 00 0  1 :2 0 0 0  1:4000
B. ty p h o su s  + +++ ++++ +++ i - f  + — — —
B. p a r a ­
ty p h o s u s  A — —' — — — — — - —
B. p a r a ­
ty p h o s u s  B ++++ +++f +++4 f —
R ead in g s  a f t e r  2 h o u r s  a t  37° C. I n o c u l a t e d  w i t h  
B. ty p h o s u s  v a c c in e  (2 doses)  15 months p r e v i o u s l y .  A g g l u t i n a ­
t i o n  t e s t  on 1 4 t h  day o f  i l l n e s s .
Tab le  3.
Serum d i l u t i o n s .  K o ° S e r ^ :
1 :5 0  1 :1 0 0  1 :2 0 0  1 :5 0 0  1 :1 00 0  1 :2000  
B. ty p h o su s  t f++  +++ f + —' —
y
B. p a r a ­
ty p h o s u s  A +f + f + + + + + + + — — — —
B. p a r a ­
ty p h o s u s  B f  — — — — — —
R ead in g s  a f t e r  2 h o u rs  a t  37° C. B:. p a r a t y p h o s u s  A
i s o l a t e d .  I n o c u l a t e d  w i t h  B. t y p h o s u s  v a c c i n e  10 months
p r e v i o u s l y .
A g g l u t i n a t i o n  t e s t  on 2 1 s t  day o f  i l l n e s s .
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T ab le  4.
C o n t r o l ;
Serum d i l u t i o n s .  Mo Serum.
1 :5 0  1 :1 0 0  1 :2 0 0  1 :5 0 0
B* ty p h o su s   ̂+ * + 4» —
B. p a r a t y p h o s u s  A ++»+ ++ + + — —
B. p a r a t y p h o s u s  B — — — — —
R e ad in g s  a f t e r  2 h o u rs  a t  37° C.
B. p a r a t y p h o s u s  A i s o l a t e d .
I n o c u l a t e d  w i t h  B. ty p h o su s  v a c c i n e  1 y e a r  p r e v i o u s l y .
 Agg l u t i n a t i o n  t e s t  i n 3 r d  week o f  i l l n e s s . ____
Thus, a t  the  v e r y  o u t s e t ,  th e  c o n s t a n t  o c c u r r e n c e  o f  
t h e s e  ” double  ” r e a c t i o n s  i n t r o d u c e d  a  s e r i o u s  d i f f i c u l t y  i n  
the  d i a g n o s i s  o f  the  i n f e c t i o n ,  where t h e  s p e c i f i c  o rg an ism  
c o u l d  n o t  be i s o l a t e d  from th e  body.  I t  was w e l l  known, o f  
c o u r s e ,  t h a t  i n o c u l a t i o n  w i t h  B. t y p h o s u s  v a c c i n e  l e a d s  to  
th e  a p p e a ra n c e  o f  a  s p e c i f i c  a g g l u t i n i n  i n  th e  b l o o d  serum 
w h ic h  f o r  a  s h o r t  t ime a f t e r  th e  i n j e c t i o n  may a c t  in  
r e l a t i v e l y  h ig h  t i t r e s .  In  the  m a j o r i t y  o f  the  c a s e s  d e a l t  
w i t h  i n  t h i s  i n v e s t i g a t i o n ,  a  p e r i o d  o f  a t  l e a s t  9 months Imd 
e l a p s e d  s i n c e  the ty p h o id  i n o c u l a t i o n ;  a  s e r i e s  o f  20 h e a l t h y  
i n d i v i d u a l s - i n o c u l a t e d  9 to  12 months p r e v i o u s l y  were 
exam ined  a s  r e g a r d s  the  r e a c t i o n  o f  t h e i r  s e r a  t o  B. ty p h o s u s  
( u s i n g  the  same te c h n iq u e  a s  t h a t  employed i n  th e  d i a g n o s t i c  
t e s t s )  b u t  th e  h i g h e s t  e n d - t i t r e  n o t e d  was 1 :2 0 0  a f t e r  2
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h o u r s  a t  37° C. Yet i n  the  c a s e s  q u o te d  i n  t a b l e s  2  a n d  3 
the  t y p h o i d  a g g l u t i n i n  a c t e d  i n  t i t r e s  up to  1 :1 00 0  and  
t h e s e  c a s e s  had been  i n o c u l a t e d  r e s p e c t i v e l y  15 a n d  10 months 
p r e v i o u s l y .  T h is  degree  o f  r e a c t i o n  w i t h  B. t y p h o su s  c o u ld  
n o t  t h e r e f o r e  be r e g a r d e d  a s  due e n t i r e l y  t o  the  mere 
p e r s i s t e n c e  o f  th e  p o s t - i n o c u l a t i o n  a g g l u t i n i n .
I t  i s  n o te w o r th y  t h a t  the  r e a c t i o n  w i t h  th e  p a r t i c u l a r  
p a r a t y p h o i d  b a c i l l u s  was h i g h l y  s p e c i f i c ;  t h u s  i n  th e  r e s u l t s  
shown i n  t a b l e s  1 to  4, w h i l e  the  r e a c t i o n  t o  the  i n f e c t i n g  
o rg an ism  o c c u r r e d  i n  t i t r e s  a s  h i g h  a s  1 :2 00 0  a n d  1 :4 0 0 0 ,  
even  1 :5 0  d i l u t i o n s  o f  t h e  serum f a i l e d  to  p rod u ce  any  d eg re e  
o f  e f f e c t  w i t h  th e  o t h e r  p a r a t y p h o i d  b a c i l l u s .
A b s o r p t i o n  T e s t s .
The q u e s t i o n  a r o s e  a s  t o  w he th e r  the  c o n c o m i t a n t  r e a c t i o n  
w i t h  B. t y p h o s u s  was due t o  c o a g g l u t i n i n s .  A b s o r p t i o n  t e s t s  
were t h e r e f o r e  c a r r i e d  ou t  i n  a  number o f  c a s e s ;  t h e s e  p r o v e d  
t h a t  th e  serum c o n t a i n e d  in d e p e n d e n t  a g g l u t i n i n s  to  the  
r e s p e c t i v e  o rg an ism s .  Table  5 shows the  r e s u l t s  o f  one o f  
t h e s e  e x p e r i m e n t s .
Technique  o f  a b s o r p t i o n  t e s t s : 4 c . c .  of  a  1 :2 5
d i l u t i o n  o f  th e  serum was made up and  d i v i d e d  i n t o  
two e q u a l  p a r t s .  Two 24 h o u r s ’ a g a r  s lo p e  
c u l t u r e s  o f  B. t y p h o s u s  were e m u l s i f i e d  i n  one p a r t ,  
and  two s i m i l a r  a g a r  c u l t u r e s  of, the  p a r t i c u l a r  
p a r a t y p h o i d  b a c i l l u s  i n  th e  o t h e r .  The e m u l s io n s
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were i n c u b a t e d  f o r  3 -4  h o u r s ;  t h e  t r e a t e d  serum was 
th en  s e p a r a t e d  by c e n t r l f u g a l i z a t l o n  a n d  p i p e t t e d  
, o f f  f rom the  b a c i l l a r y  s e d im e n t .
The u s u a l  s e r i e s  o f  d i l u t i o n s  were t h e n  made f rom  
e a c h  p o r t i o n  o f  the  serum a n d  b o t h  were t e s t e d  w i t h  
B. t y p h o s u s  arid the  p a r a t y p h o i d  b a c i l l u s .  T ab le  5 
shows th e  r e s u l t s  o f  an a b s o r p t i o n  t e s t  w i t h  a  serum 
w h ich  a g g l u t i n a t e d  b o t h  B. t y p h o s u s  a n d  B. p a r a -  
t y p h o su s  B. I
Table  5.
P r im a r y  a g g l u t i n a t i o n  t e s t  
D i l u t i o n s  o f  Serum.
1 :5 0  1 :1 00  1 :2 0 0  1 :5 0 0  1 :1000
B. t y p h o s u s  +f+f  ++++ ++++ +++ —
B* p a r a t y p  ho sus  A — — — —
B. p a r a t y p  ho sus  B. + + + + + +++ + + + + +++» + +
B. ty p h o s u s
B. p a r a t y p h o s u s  A 
B. p a r a t y p h o sus  B
Serum a b s o r b e d  w i t h  B. ty p h o s u s
Serum a b s o r b e d  w i t h  B. n a r a t y p h o s u s  B
B. ty p h o s u s  *+++ ++ —
B. p a r a t y p  ho su s  A — — — — —
B. p a r a t y p  ho su s  B — — — — —
R ead in g s  a f t e r  2  h o u rs  a t  37° C.
Having e x c lu d e d  c o a g g l u t i n a t i o n  e f f e c t s  two i n t e r p r e t a t i o n s  
of  t h e s e  double r e a c t i o n s  seemed p o s s i b l e :  (1) the  c a s e s  were 
mixed i n f e c t i o n s  w i t h  B. ty p h o su s  and  B. p a r a t y p h o s u s  ; (2) the  
B. t y p h o su s  a g g l u t i n i n  s t i l l  p r e s e n t  i n  th e  serum a s  a  r e s u l t  
of  v a c c i n a t i o n  had been  i n c r e a s e d  i n  amount d u r in g  the  
s u b s e q u e n t  p a r a t y p h o i d  i n f e c t i o n .  In  the  g r e a t  m a j o r i t y  of  
c a s e s  in  which  w e l l  d e v e lop ed  a g g l u t i n i n s  to  the  p a r a t y p h o i d  
b a c i l l u s  were d e t e c t e d ,  a  c o r r e s p o n d i n g  e f f e c t  w i t h  B. t y p h o s u s  
was a l s o  o b se rv ed ;  in  f a c t  the  f r e q u e n c y  w i t h  w h ic h  a  double  
a g g l u t i n a t i o n  r e s u l t  of t h i s  k i n d  was n o t e d ,  i n d i c a t e d  the  
i m p r o b a b i l i t y  o f  the  f i r s t  i n t e r p r e t a t i o n ;  t h e r e  was no 
r e a s o n  t o  b e l i e v e  from th e  d a t a  o b t a i n e d  by i s o l a t i o n  of  
e n t e r i c a  o rgan ism s  t h a t  double i n f e c t i o n s  were so r e l a t i v e l y  
f r e q u e n t .  The second  i n t e r p r e t a t i o n  seemed a  more l i k e l y  
e x p l a n a t i o n  of  t h e  c o n c o m i ta n t  r e a c t i o n .
Absence o f  the Concomitan t  R e a c t i o n  w i t h  B. t y p h o s u s .
In  o c c a s i o n a l  c a s e s  th e  a g g l u t i n a t i o n  t e s t  showed the  
p r e s e n c e  o f  a g g l u t i n i n s  to  the  p a r a t y p h o i d  b a c i l l u s  on ly ,  
w i t h o u t  any c o n c o m i ta n t  r e a c t i o n  t o  B. t y p h o s u s .  T a b le s  6 and  
7 e x e m p l i f y  s u c h  r e s u l t s .  In  t h e s e  c a s e s  the. r e a c t i o n  w i t h  the  
p a r a t y p h o i d  b a c i l l u s  d id  no t  occu r  i n  t i t r e s  h i g h e r  t h a n  1:500;  
d i s t i n c t  c o n c o m i ta n t  r e a c t i o n s  were n o t e d ,  however, a lo n g  w i t h  
even l e s s  marked a g g l u t i n a t i o n  of  B. p a r a t y p h o s u s  (v .  t a b l e s  3 
and 4) . ©n the  o t h e r  hand, a s  i n d i c a t e d  l a t e r ,  the  concomitant  
r e a c t i o n  only  o c c u r r e d  i n  p a r a t y p h o i d  c a s e s  in  w h ich  t h e r e  was 
a  d e f i n i t e  r e a c t i o n  t o  the  i n f e c t i n g ,  o rg an ism .  B o th  t h e s e  
c a s e s  had been  i n o c u l a t e d  w i t h  B. t y p h o su s  v a c c in e  b u t  the
10 .
i n t e r v a l s  be tween  the  i n o c u l a t i o n  and the  p a r a t y p h o i d  i n f e c t i o n  
were r e l a t i v e l y  l o n g  - 13 and 14 months r e s p e c t i v e l y ;  t a b l e  2  
however shows a  w e l l  marked c o n c o m i ta n t  r e a c t i o n  in  a  c ase  
i n o c u l a t e d  15 months b e f o r e  th e  e n t e r i c  i l l n e s s .  I t  c a n n o t  
t h e r e f o r e  be c o n c lu d e d  t h a t  t h e  c o n c o m i ta n t  a g g l u t i n a t i o n  of  
B. ty p h o s u s  i s  dependent  on the  i n t e r v a l  b e tw een  i n o c u l a t i o n  
and th e  o c c u r re n c e  of  the  p a r a t y p h o i d  i n f e c t i o n .
T ab le  6.
D i l u t i o n s  o f  Serum.
1 :5 0  1 :10 0  1 :2 00  1 :50 0  1 :1000
B. ty p h o su s  — — — — —
B. p a r a t y p h o s u s  A + + »+ + + ++ +++t ++ —
B. p a r a t y p h o s u s  B — — — — —
•Readings a f t e r  2 hours  a t  37° 0.  I n o c u l a t e d  w i t h  
B. ty p h o s u s  v a c c in e  (2 doses)  13 months p r e v i o u s l y .  
A g g l u t i n a t i o n  t e s t  on 1 0 t h  day of  i l l n e s s .
Table  7.
D i l u t i o n s  o f  Serum.
1 :5 0  1 :10 0  1 :20 0  1 :5 0 0  1 :1000
B. ty p h o su s  — — —r — —
B. p a r a t y p h o s u s  A — — — — —
B. p a r a t y p h o s u s  B ++++ 4-ff ++f + —
R ead in g s  a f t e r  2 h ours  a t  37° C. I n o c u l a t e d  w i t h  
B. t y p h o s u s  v a c c in e  (2 doses)  14 months p r e v i o u s l y .  
A g g l u t i n a t i o n  t e s t  on 1 0 t h  day o f  i l l n e s s .
i l ,
R e a c t i o n s  w i t h  b o t h  B. n a r a t y n h o s u s  A a n d  B.
I n  two c a s e s  m o d e r a te ly  h i g h  t i t r e  a g g l u t i n i n s  t o  b o t h  
B. p a r a t y p h o s u s  A and  B were o b s e r v e d .  A b s o r p t io n  t e s t s  were 
c a r r i e d  o u t ,  the  serum b e i n g  s a t u r a t e d  w i t h  B* ty p h o s u s ,
B. p a r a t y p h o s u s  A an d  B, a n d  t h e  ” a b s o r b e d  ” s e r a  were t e s t e d  
e a c h  w i t h  t h e s e  t h r e e  o rg a n i s m s .  The r e s u l t s  ( a s  e x e m p l i f i e d  
i n  t a b l e  8) showed the  p r e s e n c e  o f  in d e p e n d e n t  a g g l u t i n i n s  t o  
a l l  t h r e e  e n t e r i c a  o rg a n is m s .
Table  8.
P r im a r y  a g g l u t i n a t i o n  t e s t  
D i l u t i o n s  o f  Serum.
1 :5 0 1 :1 0 0 1 :200 1 :5 0 0
B. ty p h o su s + + + + + —
B. p a r a t y p h o s u s A f + + f ++++ + ++»
B. p a r a t y p h o s u s B f f  + + + + +
Serum a f t e r a b s o r n t i o n  w i t h  B. t v n h o s u s
B. ty p h o su s — — ■ 1 — ■
B. p a r a t y p h o s u s A + + + + ■f-
B. p a r a t y p h o s u s B ++++ + + f + -4r
Serum a f t e r  a b s o r p t i o n  w i t h  B. -pa ra typhosus  A 
++ + + + + + + — —B. ty p h o su s  
B. p a r a t y p h o s u s  A 
B. p a r a t y p h o s u s  B
Serum a f t e r  a b s o r p t i o n  w i t h  B. n a r a t v n h o s u s  B.
B. typhosus  + + + + ++ + — —
B. p a r a t y p h o s u s  A ++++ ++ + + + 4-
B. p a r a t y p h o s u s  B — — — —
R e ad in g s  a f t e r  2  h o u rs  a t  37° C.
I n o c u l a t e d  w i t h  B. ty p h o su s  v a c c in e  (2 doses)  10 months 
p r e v i o u s l y .
A g g l u t i n a t i o n  t e s t  a b o u t  1 4 t h  day o f  i l l n e s s .
12.
I t  was c o n c lu d ed  from th e  r e s u l t s  o f  t h i s  e x p e r im e n t  t h a t  
the  c a se  r e p r e s e n t e d  a  mixed i n f e c t i o n  w i t h  B. p a r a t y p h o s u s  A 
an d  B; no s p e c i f i c  o rgan ism s  were however i s o l a t e d .
Degree o f  A g g l u t i n a t i o n  R e a c t i o n  -,
Absence o f  S p e c i f i c  R e a c t i o n .
In  a  c o n s i d e r a b l e  number o f  t h e  c a s e s  s t u d i e d ,  th e  e n d -  
t i t r e  of  the  r e a c t i o n  w i t h  t h e  s p e c i f i c  o rgan ism  was n o t  lo w e r  
th an  1 :1 0 0 0 .  The h i g t e s t  a g g l u t i n a t i o n  t i t r e  o b s e rv e d  i n  
B . p a r a t y p h o s u s  A i n f e c t i o n s  was 1 :4000 ,  i n  B. p a r a t y p h o s u s  B 
i n f e c t i o n s  1 :8 0 0 0 .  The r e a c t i o n s  w i t h  B. p a r a t y p h o s u s  B were 
g e n e r a l l y  more marked th a n  i n  th e  c ase  o f  B. p a r a t y p h o s u s  A.
I t  had been  s u g g e s t e d  by  some b a c t e r i o l o g i s t s  i n  the  
M e d i t e r r a n e a n  E x p e d i t i o n a r y  Force  t h a t  the  a g g l u t i n a t i o n  
r e a c t i o n  was deve lo ped  a t  to o  l a t e  a  s t a g e  o f  the  d i s e a s e  to  
be o f  d i a g n o s t i c  v a l u e .  I t  i s  to  be n o t e d ,  however , t h a t  
h i g h - t i t r e  a g g l u t i n i n s  t o  B. p a r a t y p h o s u s  A and  B. p a r a t y p h o s u s  
B have been  o b se rv e d  a s  e a r l y  a s  the  7 t h  day ( e . g . ,  v .  t a b l e  1 . )
I t  has been  f r e q u e n t l y  n o t e d  t h a t  e s p e c i a l l y  in  
p a r a t y p h o i d  A i n f e c t i o n s  the  a g g l u t i n i n  deve lopm ent  i s  s l i g h t  
( v . t a b l e  9) even i n  t h e  l a t e r  s t a g e s  o f  th e  i l l n e s s  and  n o t  
i n f r e q u e n t l y  i n  p ro v ed  B. p a r a t y p h o s u s  A c a s e s ,  s p e c i f i c  
a g g l u t i n i n s  c an n o t  be d e m o n s t r a te d  in  th e  serum. I n  many 
i n s t a n c e s  among t h i s  s e r i e s  o f  c a s e s  the  B. p a r a t y p h o s u s  A 
a g g l u t i n i n s  were p o o r l y  d e v e lo p ed  ( w i t h  e n d - t i t r e s  of 1 :5 0
13 .
or  1 :100)  and  i n  c e r t a i n  c a s e s  f rom w h ic h  t h i s  o rg an ism  was 
i s o l a t e d  s p e c i f i c  a g g l u t i n i n s  c o u ld  n o t  be d e m o n s t r a t e d  even 
i n  c o n v a l e s c e n c e .  I n  su c h  c a s e s  t h e  o n ly  r e s u l t  o f  the  
a g g l u t i n a t i o n  t e s t  w i t h  th e  t h r e e  e n t e r i c a  o rg an ism s  was a  
r e a c t i o n  w i th -B .  ty p h o su s  i n  r e l a t i v e l y  low t i t r e s ,  e . g .
1 :1 0 0  or  1 :200  (v .  t a b l e  10) . T h i s  ivas i n t e r p r e t e d  a s  due 
t o  th e  p e r s i s t e n c e  of  the  p o s t - i n o c u l a t i o n  a g g l u t i n i n  and 
d e s i g n a t e d  the  ” v a c c i n e - e f f e c t . " T ab le  10 shows the  
** v a c c i n e - e f f e c t  ” and  absence  o f  B. p a r a t y p h o s u s  A a g g l u t i n i n s  
i n  a  case  from w hich  t h i s  o rgan ism  was i s o l a t e d .
T ab le  9.
• D i l u t i o n  o f  Serum.
1 :50  1 :1 0 0  1 :2 0 0  1 :500
B. t y p h o s u s  f + — — —
B. p a r a t y p h o s u s  A +++ t+  + —
B# p a r a t y p h o s u s  B — — — ——
R e ad in g s  a f t e r  2 ho u rs  a t  37° C.
B. p a r a t y p h o s u s  A i s o l a t e d .
A g g l u t i n a t i o n  t e s t  on 1 4 t h  day o f  i l l n e s s .
Date o f  t y p h o id  v a c c i n a t i o n  unknown.
14,
T ab le  10 .
D i l u t i o n  o f  Serum*
1 :5 0  1 :1 0 0  1 :2 0 0  1 :5 0 0
B* ty p h o s u s  + + f. *+ —
B. p a r a t y p h o s u s  A — — — —
B, p a r a t y p h o s u s  B - — —*
R e a d in g s  a f t e r  2 h o u r s  a t  37° C,
B. p a r a t y p h o s u s  A i s o l a t e d .
A g g l u t i n a t i o n  t e s t  4 weeks a f t e r  o n s e t  o f  i l l n e s s .  
I n o c u l a t e d  w i t h  B. ty p h o su s  v a c c i n e  (2 doses)  9 months 
p r e v i o u s l y .
In  many c a s e s  d ia g n o s e d  c l i n i c a l l y  a s  " e n t e r i c a  " 
a g g l u t i n a t i o n  t e s t s  y i e l d e d  r e s u l t s  s i m i l a r  to  t h a t  shown i n  
t a b l e  10, even  when r e p e a t e d  a t  l a t e r  s t a g e s  of  th e  d i s e a s e .  
Where no s p e c i f i c  o rgan ism  was i s o l a t e d ,  s u c h  c a s e s  p r e s e n t e d  
a  d i f f i c u l t  p rob lem  in  l a b o r a t o r y  d i a g n o s i s ,  and  a t  t h a t  t im e ,  
t h e y  were a c c e p t e d  by some b a c t e r i o l o g i s t s  and  c l i n i c i a n s  a s  
B. ty p h o s u s  i n f e c t i o n s .  A g g l u t i n a t i o n  o f  B. t y p h o s u s  in  
t i t r e s  up t o  1 :20 0  w i t h i n  12 months a f t e r  i n o c u l a t i o n  was 
however c o m p a t ib le  w i t h  a  v a c c i n a t i o n  e f f e c t  (v .  s u p r a )  and  
i n  v a c c i n a t e d  c a s e s  und e r  t h e s e  c o n d i t i o n s  c o u l d  be o f  no 
d i a g n o s t i c  s i g n i f i c a n c e .  In  v iew o f  th e  p r e v a l e n c e  of  
B. p a r a t y p h o s u s  A i n f e c t i o n s  and  the o b s e r v a t i o n  o f  s i m i l a r  
a g g l u t i n a t i o n  r e s u l t s  in  c a s e s  from w h ich  t h i s  o rg an ism  was
1 5 .
i s o l a t e d  ( e . g .  case  shown i n  t a b l e  10) i t  seemed p r o b a b l e  t h a t  
many c a s e s  o f  t h i s  type  were p a r a t y p h o i d  A i n f e c t i o n s  in  
w h ich  a g g l u t i n i n s , were n o t  d e v e lo p e d .  Of c o u rse  spme o f  t h e s e  
c a s e s  may have been  B. ty p h o su s  or B. p a r a t y p h o s u s  B i n f e c t i o n s  
i n  w h ic h  t h e r e  was a s i m i l a r  non -d ev e lo pm en t  o f  a g g l u t i n i n s .
The p o s s i b l e  absence  o f  a  s p e c i f i c  a g g l u t i n a t i o n  r e a c t i o n  
d u r in g  the  whole c o u rse  of  an e n t e r i c  i l l n e s s  i s  c e r t a i n l y  a  
f a c t o r  which  l i m i t s  t h e  d i a g n o s t i c  v a lu e  o f  the  s e r o l o g i c a l  
t e s t  b u t ,  p r o v i d e d  t h i s  p o s s i b i l i t y  i s  f u l l y  a p p r e c i a t e d ,  
t h e r e  i s  n o t  l i k e l y  to  be any m i s i n t e r p r e t a t i o n  o f  r e s u l t s  and 
" n e g a t i v e  e f f e c t s  may s im p ly  be d i s r e g a r d e d  a s  b e i n g  o f  no 
d i a g n o s t i c  s i g n i f i c a n c e .
The q u e s t i o n  a l s o  a r o s e  a s  to  w h e th e r  any  " e x a l t a t i o n  ” 
“Of the  B. ty p h osu s  p o s t - i n o c u l a t i o n  a g g l u t i n i n  was l i k e l y  to  
be p r o d u c e d  in  p a r a t y p h o i d  c a s e s  i n  w h ic h  the  homologous 
a g g l u t i n i n  was a b s e n t .
In  the  case  shown i n  t a b l e  10,  the  a g g l u t i n a t i o n  r e a c t i o n  
w i t h  B. t y p h o s u s  was n o t  g r e a t e r  t h a n  t h a t  w h ich  m ig h t  have 
o c c u r r e d  i n  a  h e a l t h y  i n d i v i d u a l  a s  a  v a c c i n a t i o n  e f f e c t .  I n  
th e  c ase  shown i n  t a b l e  1 where t h e r e  was a  marked r e a c t i o n  to  
B. p a r a t y p h o s u s  A on the 7 t h  day,  th e  B. ty p h o su s  a g g l u t i n i n  
r e a c t e d  in  t i t r e s  up to  1 :1 0 0 0 ;  i n  t h e  c a se  q u o te d  i n  t a b l e  3, 
the  c o n c o m i ta n t  r e a c t i o n  w i t h  B. ty p h o s u s  a l s o  o c c u r r e d  i n  
h i g h  t i t r e s .  A p p a r e n t l y  t h i s  e x a l t a t i o n  o f  t h e  n o s t -  
i n o c u l a t i o n  B. ty p h o su s  a g g l u t i n i n  o n ly  r e s u l t e d  i n  p a r a t y p h o i d
1 6 .
c a s e s  in  w h ich  t h e r e  was a d e f i n i t e  r e a c t i o n  to  the  i n f e c t i n g  
o r g a n i s m . O c c a s io n a l  c a s e s  were o b s e r v e d  i n  w h ich  a  h ig h -  
t i t r e  (1 :1000 ,  1 :2000)  r e a c t i o n  was o b t a i n e d  w i t h  
B. ty p h o su s  w i t h o u t  any r e a c t i o n  t o  a  p a r a t y p h o i d  b a c i l l u s ;  
the  p o s s i b i l i t y  of t h i s  r e s u l t  b e i n g  due t o  an i n c r e a s e  i n  
the  amount of  the  p o s t - i n o c u l a t i o n  a g g l u t i n i n  i n  a  
p a r a t y p h o i d  case  w i t h o u t  a  s p e c i f i c  r e a c t i o n ,  was c o n s i d e r e d .  
In  the c a se  shown in  t a b l e  11, B. ty p h o su s  was i s o l a t e d  and  
su ch  r e s u l t s  were g e n e r a l l y  i n t e r p r e t e d  a s  s i g n i f y i n g  a 
B. ty p h o su s  i n f e c t i o n .
Table  11.
D i l u t i o n  o f  Serum.
1 :5 0  1 :1 0 0  1 :2 0 0  1 :5 0 0  1 :1 0 0 0  1 :2000
B. ty p h o su s  + + + + + + + f + + ++ + + +
B. p a r a t y p h o s u s  A — — — — — —
B. p a r a t y p h o s u s  B — — — — —
R e ad in g s  a f t e r  2 hou rs  a t  37° C.
B. ty p h o su s  i s o l a t e d .
A g g l u t i n a t i o n  t e s t  21 days from  o n s e t  o f  i l l n e s s .  
I n o c u l a t e d  w i t h  B. ty p h o su s  v a c c in e  6 months p r e v i o u s l y .
In  g e n e r a l ,  th e  l o w e s t  serum d i l u t i o n  t e s t e d  was 1 :5 0 ;
i n  p a r a t y p h o i d  A i n f e c t i o n s ,  a g g l u t i n a t i o n  i n  s t i l l  low er
/
d i l u t i o n s  has been  a c c e p t e d  by some o b s e r v e r s  a s  o f  d i a g n o s t i c
17.
s i g n i f i c a n c e .  Of c o u rs e  a  p a r t i c u l a r  s t a n d a r d  i s  a p p l i c a b l e  
o n ly  to  the method employed and th e  e f f e c t  o f  a  c e r t a i n  
c o n c e n t r a t i o n  o f  serum t e s t e d  by one method may v a r y  
c o n s i d e r a b l y  from t h a t  e l i c i t e d  by a  d i f f e r e n t  t e c h n i q u e .  
A ccord ing  to  th e  method employed i n  t h e s e  i n v e s t i g a t i o n s  
t h e r e  was a p p a r e n t l y  no a d v an tag e  to  be d e r i v e d  by  t e s t i n g  
d i l u t i o n s  lower  than  1 :5 0  f o r  B. p a r a t y p h o s u s  A a g g l u t i n i n s .  
Thus i n  the  c a s e s  from w h ich  B. p a r a t y p h o s u s  A was i s o l a t e d  
an d  i n  w h ich  no a g g l u t i n a t i o n  of  t h i s  o rgan ism  o c c u r r e d  i n  a  
1 :5 0  c o n c e n t r a t i o n  of  the  serum, 1 : 2 0  d i l u t i o n s  were a l s o  
t e s t e d  w i t h  n e g a t i v e  r e s u l t .
The Im por tance  o f  Second R e a d in gs  a f t e r  24 Hours .
While i t  was usually  poss ib le  to e l i c i t  dec is ive  r e s u l t s  
a f te r  2 hours at 37° C.,  in a l l  cases  readings were a l s o  
made a f te r  20-24 hours (v. p. 3) ,  and in certa in  instances  
more d e f in i te  r e s u l t s  were obtained in th i s  way. (v. tab les  
12 and 13) .
18 .
T a b le  12 .
D i l u t i o n  o f  Serum.
1 :5 0  1 :1 0 0  1 :2 0 0  1 :5 00  1 :1000
A f t e r  s j®- typ h o su s  ++
h o u r s  - (B .  p a r a t y p h o s u s  A — - .-e — ^
a t  (
37° C, (B. p a r a t y p h o s u s  B f f  — — —
(B. typ h o su s  t f f f  ^  — —
A f t e r  (
24 -{B. p a r a t y p h o s u s  A — —
h o u r s ,  p a r a t y p h o s u s  B ++++ f f f  — —
I n o c u l a t e d  w i t h  B* ty p h o su s  v a c c i n e  (2 d oses)  5 months 
p r e v i o u s l y .
A g g l u t i n a t i o n  t e s t  on 1 6 t h  day o f  i l l n e s s .
T ab le  13.
Serum D i l u t i o n .
1 :5 0  1 :1 0 0  1 :$00  1 :5 0 0  1 :1000
(B. ty p h o s u s  f — — — —
A f t e r  2(
h o u r s  ~(B. p a r a t y p h o s u s  A + f f  f — — —
a t  (
3 7 0  c .  p a r a t y p h o s u s  B  ^  ^  —  —
(B. ty p h o s u s  +++ ^  —
A f t e r  (
24 - ( B .  p a r a t y p h o s u s  A f  , f f  —
h o u r s ,   ̂ p a r a t y p h o s u s  B — —
I n o c u l a t e d  w i t h  B. ty p h o su s  v a c c in e  (2 doses)  11 months 
p r e v i o u s l y .
A g g l u t i n a t i o n  t e s t  on 7 t h  day o f  i l l n e s s .
E. p a r a t y p h o s u s  A i s o l a t e d .
19
The 24 h o u r s ’ r e a d i n g s  were g e n e r a l l y  h i g h e r  t h a n  th o se  
made a f t e r  2 h o u r s ;  c o a g g l u t i n a t i o n  e f f e c t s  were o f t e n  n o t e d  
a f t e r  24 hours  b u t  o n ly  i n  low t i t r e s  (1 :5 0  or 1 :100)  even  
when a  marked r e a c t i o n  o c c u r r e d  w i t h  th e  i n f e c t i n g  o rg an ism  
(v .  t a b l e  14 - B. p a r a t y p h o s u s  A i n f e c t i o n  showing weak 
c o a g g l u t i n a t i o n  of  B< p a r a t y p h o s u s  B a f t e r  24 h o u r s ) .
T ab le  14. '
D i l u t i o n  o f  Serum.
1 :5 0  1 :10 0  1 :2 0 0  1 :500  1 :1000  1 :2 00 0
(B. ty p h o su s  ++4 4 — — —
A f t e r  (
2 - ( B .  p a r a t y p h o s u s  A 4 4 4 4  + 4 4 4  4+4 44 —
h o u r s ,  p a r a t y p h o s u s  B — — — — — —
(B. ty p h o su s  4 4 4 4  4 444 4 4 4  4 —  —
A f t e r  (
2 4  - (B .  p a r a t y p h o s u s  A 4 4 4 4  4 4 4 4  4 4 4 4  4 4 4 4  4 4 4  —
h o u r s ,  p a r a t y p h o s u s  B 444  4 —  —  —  —
I n o c u l a t e d  w i t h  B. t y p h o su s  v a c c in e  (2 doses)  7 weeks 
p r e v i o u s l y .
A g g l u t i n a t i o n  t e s t  on 1 2 t h  day of  i l l n e s s .
B. p a r a t y p h o s u s  A I s o l a t e d .
The p r o g r e s s  o f  the  r e a c t i o n  over  a  p e r i o d  f rom  2 t o  24> 
h o u rs  i s  shown in  t a b l e  15; the  e f f e c t  a p p a r e n t l y  r e a c h e d  i t s  
maximum i n  9 h o u rs ,  b u t  i t  was fou n d  more c o n v e n i e n t  t o  make 
the  second  r e a d i n g  on th e  f o l l o w i n g  day a f t e r  th e  t u b e s  had 
b een  a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  room t e m p e r a t u r e .
20,
T a b le  15 .
D i l u t i o n  o f  Serum.
1:1000  1 :20 0 0  1 :4000  1 :8 0 0 0  1 :16000
A f t e r  2 
h o u r s  - 
a t
37° C.
A f t e r
6
hour  8.
A f t e r
9
h o u r s .
A f t e r
24
h o u r s .
B. t y p h o s u s  f  + 44 +4
B. p a r a t y p h o s u s  A — —
B. p a r a t y p h o s u s  B +444 ++
B.  t y p h o s u s  4 4 + 4  44 4
B. p a r a t y p h o s u s  A — —
B. p a r a t y p h o s u s  B 4 4 4 4  4 4 4 4
B. ty p h o su s  4 4 4 4  4 4 4
B. p a r a t y p h o s u s  A — —
B. p a r a t y p h o s u s  B 4 4+4 4 4 4 4
B, ty p h o su s  4 + 4 4  4 4 4
B. p a r a t y p h o s u s  A — —









4 4 4 + 44
I n o c u l a t e d  w i t h  B. ty p h o su s  v a c c in e  12 months p r e v i o u s l y  
A g g l u t i n a t i o n  t e s t  i n  3 rd  week o f  i l l n e s s .
R e p e t i t i o n  o f  th e  T e s t  d u r in g  the  
Course o f  th e  I l l n e s s .
When an i n d e f i n i t e  o r  n e g a t i v e  r e a c t i o n  was e l i c i t e d  on
f i r s t  t e s t i n g ,  the  e x a m in a t io n  was i f  p o s s i b l e  r e p e a t e d
l a t e f  - o f t e n  w i t h  s t r i k i n g  r e s u l t s .  T ab le  16 i l l u s t r a t e s
how a  r e p e a t e d  t e s t  i n  a case  o f  B. p a r a t y p h o s u s  A i n f e c t i o n
w i t h  a t  f i r s t  p o o r l y  deve loped  a g g l u t i n i n s ,  c o n c l u s i v e l y  
p r o v e d  th e  i n t e r p r e t a t i o n  o f  the  f i r s t  t e s t .
21 .
T a b le  16 .
D i l u t i o n  o f  Serum.
1 :5 0  1 :1 0 0  1 :2 0 0  1 :5 0 0  1 :1000  1 :2 0 0 0
( B * t  yp bo BUS 4
About (
- ( B .  p a r a t y p h o s u s  A +++
day. (B . p a r a t y p h o s u s  B —
(B. ty p h o s u s  4  + 4 4 4 4 —— —  —
About (
1 3 t h  - ( B .  p a r a t y p h o s u s  A 4 + 4 4  4 4 4 4  4 4 4 4  4 4 4 4  4 4 4  44
d a y . (
(B. p a r a t y p h o s u s  B 44 —  —  —  —
I n o c u l a t e d  w i t h  B. ty p h o su s  v a c c in e  11 months p r e v i o u s l y .
Anomalous R e a c t i o n s .
Anomalous r e a c t i o n s  were o c c a s i o n a l l y  r e p o r t e d  by 
d i f f e r e n t  b a c t e r i o l o g i s t s  i n  th e  M e d i t e r r a n e a n  F o r c e ;  one o f
t h e s e  a p p a r e n t l y  c o n t r a d i c t o r y  r e s u l t s  was a l s o  n o t e d  i n  th e
c o u r s e  o f  t h i s  i n v e s t i g a t i o n  - , B .  p a r a t y p h o s u s  A was i s o l a t e d ,  
y e t  on c a r r y i n g  out  the  s e r o l o g i c a l  t e s t ,  h i g h - t i t r e  
a g g l u t i n a t i o n  o f  B. p a r a t y p h o s u s  B was o b s e rv e d  th o u g h  no 
r e a c t i o n  o c c u r r e d  w i t h  B. p a r a t y p h o s u s  A ( t a b l e  1 7 ) .  The 
a g g l u t i n a t i o n  t e s t  v/as r e p e a t e d  w i t h  s i m i l a r  r e s u l t ;  the  
i d e n t i t y  o f  th e  s t r a i n  i s o l a t e d  was c a r e f u l l y  d e te r m in e d  by 
th e  u s u a l  b io c h e m ic a l  and  s e r o l o g i c a l  t e s t s ;  the  i d e n t i t y  
of  th e  p a r a t y p h o i d  s t r a i n s  u se d  i n  the  a g g l u t i n a t i o n  t e s t  
was a l s o  c o n f i rm e d .
2 2 .
The p o s s i b i l i t y  of  t h i s  r e s u l t  b e in g  due t o  an u n u su a l  
p a r a g g l u t i n a t i o n  phenomenon ( v . p a r t  1 p j o )  c o u l d  n o t  
a l t o g e t h e r  be e x c lu d e d  b u t  i t  was assumed t h a t  the  r e a c t i o n  
w i t h  B. p a r a t y p h o s u s  B was the  r e s u l t  of i n f e c t i o n  w i t h  t h i s  
o rg an ism .  B. p a r a t y p h o s u s  A was i s o l a t e d  from  th e  case  
b u t  even a f t e r  3 weeks from the  o n s e t  o f  the  i l l n e s s  no 
homologous a g g l u t i n i n s  a p p e a r e d  i n  t h e  serum. As a l r e a d y  
shown t h i s  i s  a  n o t  uncommon f e a t u r e  of p a r a t y p h o i d  A c a s e s .  
P r e s u m p t iv e  e v id e n c e  of the  o c c u r r e n c e  o f  'mixed p a r a t y p h o i d  
i n f e c t i o n s  has been  n o t e d  (v .  p .  H  t a b l e  8) a n d  i t  seemed 
a  p o s s i b l e  e x p l a n a t i o n  o f  t h i s  anomalous r e s u l t  t h a t  the  
c a s e  r e p r e s e n t e d  a  double i n f e c t i o n  w i t h  B. p a r a t y p h o s u s  A 
a n d  B i n  w h ich  o n ly  one of  th e  c a u s a l  o rgan ism s  was d e t e c t e d .
Table  17.
D i l u t i o n  of  Serum.
1 :5 0  1 :100  1 :200  1 :5 0 0  1 :1000  1 :2 0 0 0  1 :4 0 0 0
B. ty p h o su s  4444 4444 4444 444 444 4 —
B. p a r a t y p h o s u s  A — — — —  — — —
B. p a r a t y p h o s u s  B 4 4 4 4  4 4 4 4  4 4 4 4  4 4 4  4 4 4  ++4 44
B . . p a r a t y p h o s u s  A i s o l a t e d  f rom  u r i n e  ( p r e s e n t  i n  l a r g e  
n u m b e r s ) .
I n o c u l a t e d  w i t h  B. ty p h o su s  v a c c i n e  (2 d o se s )  5 months 
p r e v i o u s l y .
A g g l u t i n a t i o n  t e s t  on 1 8 t h  day o f  i l l n e s s .
23 .
C o r r e l a t i on o f  Bact e r i o l o g i c a l  and 
S e r o l o g i c a l  R e s u l t s .
I t  was of  c o u rs e  im p o s s ib l e  t o  c o n f i r m  a l l  th e  
s e r o l o g i c a l  r e s u l t s  by  i s o l a t i o n  o f  the  i n f e c t i n g  o rg an ism ;  
in  c e r t a i n  c a s e s ,  however, t h e  i n f e r e n c e s  made f rom v a r i o u s  
t y p e s  o f  r e a c t i o n  were c o n f i rm ed  i n  t h i s  way (v .  t a b l e s  1, * 
3, 4,  9, 10, 11, 13, 1 4 ) .
In  the  t o t a l  s e r i e s  o f  c a s e s  s t u d i e d  by Mackie and  
W i l t s h i r e , o f  32 p r o v e d  B. p a r a t y p h o s u s  A i n f e c t i o n s ,  23 
showed a  s p e c i f i c  a g g l u t i n a t i o n  r e a c t i o n  w i t h  the  i n f e c t i n g  
o rg an ism ,  8 showed o n ly  a  " v a c c in e  e f f e c t  ” o r  a  n e g a t i v e  
r e s u l t  ( a s  shown i n  t a b l e s  10 and 11) an d  1 c a se  y i e l d e d  the  
anomalous r e s u l t  r e f e r r e d  to above ;  o f  8 c a s e s  f rom w h ich  
B. p a r a t y p h o s u s  B was i s o l a t e d  a l l  showed w e l l  marked 
homologous a g g l u t i n i n s  i n  the  serum.
The du r a t i o n  of the_ i n t e r v a l ^  be tween jkhe t v o h o i  d 
i n o c u l a t i o n  a n d  the  i l l n e s s  had a p p a r e n t l y  no i n f l u e n c e  on 
the  r e s u l t s .  The l o n g e s t  i n t e r v a l  among the  c a s e s  
i n v e s t i g a t e d  was 14 m onths ;  i n  some i n s t a n c e s  o n ly  a b p u t  3 
months had e l a p s e d  s i n c e  i n o c u l a t i o n  and  i n  one c a s e  the  
i n t e r v a l  was on ly  7 weeks .  The c o n c o m i ta n t  r e a c t i o n  w i t h  
B. t y p h o s u s  was n o t  however more marked i n  th e  r e c e n t l y  
i n o c u l a t e d  c a s e s  (v .  t a b l e s  14 and 2) a l t h o u g h  the  c a s e s  in  
w h ic h  no c o n c o m ita n t  r e a c t i o n  was o b s e r v e d  had b een  
i n o c u l a t e d  over  a  y e a r  p r e v i o u s l y .
24.
D i a g n o s t i c  S t a n d a r d s .
From th e s e  o b s e r v a t i o n s  i t  was c o n c lu d e d  t h a t  i n  the  
p a r a t y p h o i d  i n f e c t i o n s  marked a g g l u t i n a t i o n  (»++),  e l i c i t e d  
by th e  t e c h n iq u e  d e s c r i b e d ,  in  a 1 :5 0  d i l u t i o n  of  the  serum 
a f t e r  2 h o u rs  a t  37° C. i s  of  d i a g n o s t i c  s i g n i f i c a n c e .  In  
the  m a j o r i t y  o f  c a s e s ,  however,  more c o n c l u s i v e  e v id e n c e  was 
e l i c i t e d  by t i t r a t i n g  to  the e n d - p o i n t  of  th e  r e a c t i o n .
The c o n c o m i ta n t  r e a c t i o n  w i t h  B. ty p h o su s  in  t y p h o id  
v a c c i n a t e d  c a s e s  a p p a r e n t l y  r e p r e s e n t e d  a  r e - d e v e lo p m e n t  o f  
the  p o s t - i n o c u l a t i o n  a g g l u t i n i n  a n d  was t h e r e f o r e  o f  no 
d i a g n o s t i c  im p o r ta n c e .  The phenomenon, however, i s  o f  th e  
g r e a t e s t  im m unolog ica l  i n t e r e s t  i n  showing the  t e n d e n c y  on the  
p a r t  of. the t i s s u e s  which  have once p ro d u ce d  s p e c i f i c  a n t i b o d i e s  
to  a g a i n  deve lop  s i m i l a r  a n t i b o d i e s  in  r e s p o n s e  t o  a s u i t a b l e  
s t i m u l u s  n o t  n e c e s s a r i l y  of the  same s p e c i f i c  n a t u r e  a s  t h a t  
w h ich  c a l l e d  f o r t h  th e  o r i g i n a l  immunity  r e a c t i o n .  Thus even 
a f t e r  immune s u b s t a n c e s  have a lm o s t  d i s a p p e a r e d  from th e  b l o o d  
o f  a  p r e v i o u s l y  immune i n d i v i d u a l ,  t h e r e  may s t i l l  be a  .
p e r s i s t e n c e  o f  immunity i n  th e  sense  t h a t  the  body c e l l s  "which 
have p r e v i o u s l y  r e s p o n d e d  may more r e a d i l y  r e a c t  s u b s e q u e n t l y ,  
to  an  immunizing in f lu e n c e ' .
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